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UDC 551.509.313
MULTIVARIATE OBJECTIVE ANALYSIS OF METEOROLOGICAL FIELDS
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 5, May 80 pp 5-14

[Article by Professor-S. A. Mashkovich, USSR Hydrometeorological Scientific
Research Center, submitted for publication 14 December 1979]

Abstract: A method has been developed for the
multivariate four-dimensional analysis of
meteorological fields with the use of spatial-
temporal optimum interpolation. On its basis,
using real data, the author carried out numer-
ical experiments for the purpose of clarifying
the role of different meteorological elements
in the analysis.

[Text] One of the methods for increasing the quality of objective analysis
is related to the possible broadening of its information base by the use
of information on several meteorological elements. Different approaches
can be formulated for solution of this problem. For example, it is pos~-
sible to make an independent analysis of several meteorological fields,
relying in computing the field of a particular meteorological element
only on the measured values of this same element and then assimilating the
resulting fields, However, it is more attractive to carry out assimilation
already in the course of the analysis itself. This purpose is served by
multivariate analysis in which computation of the field of each meteoro-
logical element is accomplished on the basis of information on the complex

of meteorological elements; the element to be analyzed may or may not enter
into their 1list.

Approaches to multivariate analysis on the basis of optimum interpolation
were already noted long ago and some computations were made (for example,
see [1,3]. However, the intensive development of methods for multivariate
analysis and their practical application has taken place in the last few
years [8-12]. Extensive use is made of the "analysis- forecast-analysis"
cycle, in which the results of the analysis are the initial data for numer-
ical forecasting, and the prognostic fields of meteorological elements are
used as the initial approximation ("preliminary field") for the next
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analysis. There are indications that multivariate analysis makes it pos-
sible, in proceeding to a numerical forecast, to avoid additional pro-
cessing (initialization) of the analyzed meteorological fields (for ex-
ample, see [12]). Multivariate four-dimensional analysis, with an "anal-
ysis-forecast-analysis" cycle, is intended, for example, for the process-
ing of observational data for the GARP program [8].

Although even now some information has been published on the formulation
and use of multivariate analysis models on the basis of optimum interpol-
ation, many important problems have not been dealt with. For example,
there is virtually no information available na the contribution as a re-
sult of taking one meteorological element or another into account, about
what "sets" of meteorological elements must be used in the analysis of a
specific meteorological field, and with what error it is possible to com—
pute the distribution of a meteorological element, information on which
is lacking, using data on other elements, etc. It is possible to note
only the numerical experiments of Schattler [12], according to which the
joint use of geopotential and wind gave no improvement in comparison with a
univariate analysis.

However, an evaluation of the role of individual meteorological elements
to a multivariate analysis is useful. Many new observation systems (ar-
tificial earth satellites, drifting balloons, etc.) do not yield informa-
tion on the entire complex of meteorological elements, but only on some.
For the correct planning of such observation systems and the effective
use of the corresponding observations it is necessary to be able to an-
swer the questions enumerated above.

Below we describe the method for joint assimilation of information on dif-
ferent meteorological elements, obtained from different observation sys-—
tems, and present the results of numerical experiments. We give an evalu-
ation of the possible contribution of specific meteorological elements

to the analysis and investigate the possibility of restoring lacking data
on one meteorological element on the basis of measurements of other ele-
ments.

- The analysis model is based on the spatial-temporal interpolation of de-
viations of meteorological observations from some preliminary field. The
structure of the field of deviations in this case is modeled. One of the
dmportant merits of the analytical method with the use of optimum inter-
polation is an extremely simple means for taking into account the differ-
ences in the errors in measuring meteorological elements in different ob-
servation systems.

Principal Equations *
We will write the formulas for optimum interpolation in a case when the
initial information for the computations is the values of several meteor-

ological elements, and not only the element whose value we want to deter—
mine at the point to be amnalyzed.

2
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Assume that we have data on m meteorological elements. The meteorological
element to be analyzed can be among these elements. The points at which

the values of different meteorological elements are known can coincide com~
pletely or partially and can also differ.

We will denote the number of points with measurements of the k-th meteor-
ological element by ny. The number o7 such points can be equal for differ-
ent elements. We will assume further that the total number of observations
used in the computations is equal to N, that is

N=Y

A=l

We will examine the deviations of the meteorological elements from their
values in some preliminary field. By "preliminary field" we can understand
the field of prognostic values, climatic distribution, results of analysis
on the basis of data for the preceding observation time, etc.

We will use f to denote the true value of the meteorological element, and
by £(0bs) and flpre) — the observed value and the value in the prelim-
inary field respectively. Then the analyzed value of the meteorological
element f(a) can be found using the following interpolacion formula

m npg
12y = 100+ T3 B f0— ), W
k=1 i=1
[a = anal; H = obs; T = pre] where k, j denmote the sequence of the meteor-
ological element and i is the number of the point at which there is infor-
mation about the particular meteorological element. The subscript "0" cor-
responds to the point for which the analysis is made. As indicated above,

it was assumed that for the k-th meteorological element there are nk ob-
served values.

Then by P (0bs) and ¢ (Pre) we will denote the deviations of the observ-
ed and preliminary values from the true values:

e = 0 —fur =1 —fur (2)

and by ¥ 2 the deviation of the analyzed value from the preliminary value

Yo =10 -

3)
With these notations formula (1) can be rewritten in the form
m ng
W= L P (s — . - )
A=1i=1
The mean square interpolation error is expressed in the following way:
CE = U - £ =6 + 5 [0R (5)
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where the line denotes averaging. With (4) taken into account, formula
(5) assumes the form

\ m ng’ ] (6)
Er=@r+2en L 1Py — 50 +
h=li=1 .

LT

+X LT X PP omgm = ).

I=1 r=1k=t%i=1

In accordance with the requirement, in order for the square of the inter-
polation error to be minimum, we obtain the following system of equations
for determining the weighting factors:

m n
WA oAl + L LPL D - oD - e +
I=1r=1 . (7)
+elel)=0 k=1, .., m i=1,...,n,).

We will assume that . .
elit) — —_ n - e 'H (n) —
o FE = e el = el # =P sV =0,

®

o Pl = Ny
Then the system of equations (7) and the expression for E acquire the form

m A’l’ P

il e(l) = - il (m
X LP, R el + Pyn=e ol
ix] r=1 :

9)
(k:la- ey m i.:l,. . -’nk)l
m ng
E=TTF - L 3 Pl
! e r=1i=3 e (10)

The weighting factors P are determined from system (9). These are then
used in interpolation using formula (1). It is evident that for writing
system of equations (9) it is necessary to know the corresponding covari-
ation and cross-covariation functions, the value of the measurement errors
and the positioning of the points at which the measurements were made. It
should be noted that the finding of the covariation functions of devia-
tions of meteorological elements from their values in the preliminary
field can involve certain difficulties. Whereas for deviations of the
meteorological elements from their climatic values such functions have
been relatively well studied (for example, see [6]), this cannot be said
with respect to the covariations of forecasting errors. In addition, the
covariations of forecasting errors can be varied with changeover from one
prognostic model to another. It goes without saying that all the necessary
values can be computed for each situation to be analyzed. Another possible
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way to solve this problem is computation of the covariations of forecast—
ing errors in the course of dynamic-stochastic assimilation of informa—
tion [2]. However, the practical realization of these two approaches is
difficult. Accordingly, at the present time rather extensive use is made
of simple models of statistical structure [8-12]. In order to find the
cross—covariation functions of pressure and temperature, pressure and
wind, temperature and wind use is made of the dynamic and hydrostatic ex-
pressions (formulas for the geostrophic wind, equations of statics). Al-
though when using these mndeis there is a loss of optimality of interpol-
ation in the statistical semse, acceptable results are obtained on their

basis [8]. This approach is used below.

As an illustration we will :ite some covariation functions. Assume that
the k = 1 corresponds to th: height z of the isobaric surface, k = 2 -
to the temperature T, k = 3 and k = 4 -~ to the horizontal velocity com-—

ponents u and v. Then

NTTENTT — bar; ——— ’ —
- PATTI WL T e () — _
N s =Cpyy e pos e, =Gy —y,) e
B oM ot — C (1 —92 b (v 2 = bard,
oM =Ca 1 =20, (yi—y.) e ;
. — b
N := Cuv ("l“ '\r‘(yl - yt) [ U;

=£96,Cpi C. = (—,&) 2 b, C,ypi Cou = (7_

Here x,y are the Cartesian coordinates of points, g is the acceleration

of free falling, D‘O is the Coriolis parameter, -

In the computations it was assumed that by = 210712 -1,

More detailed information on the modeling of the statistical structure of

meteorological fields can be found in [12].

The realization of four-dimensional analysis requires allowance for the
asynchronicity of measurements. For a changeover to four-dimensional
"'space" (three coordinates and time) we used the same procedure as was
employed in [4, 5, 7]; specifically, it was assumed that

Fy = (= X, (9= 9, + Cp (], — 1,1

Such an approach considerably simplifies the procedure for solving the
problem of the "price" of the inaccuracies unimportant in this stage of

the investigations.
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Table 1
Evaluation of Numerical Analysis cf Fields z, T, u and v
[~
« | Henoasao ) I
1 3 | sans aan. 3 dmax r % ¢ e | %
- Hue [
- - 2 3 4
7 Auaus z B dax
= 5 CrJ1 z 0,09 0,86 0,907 88,2 0,765 0,31 0,25
T 0,18 1.55 0,636 70,0 0,400 0,31 0.06
[ 0.16 1,05 0,702 729 0,458 031 0,26
u 0,18 117 0,565 65.8 0316 .21 0,20
v 0,153 1.45 0,543 67,8 0,357 9,31 0,18
T, uv 0,15 1,02 0,741 73,7 0,473 0,31 0.26
zT, uvl 009 0,62 0,932 84,5 0.69¢ 0, 0,29
6 un F4 0.81 6,08 €.985 95,0 0,90] 6,74 6.85
T 397 32,65 0,650 74,6 0,493 6,74 1,51
u v 3,34 19.9 0,733 74.5 0,494 6,74 3,36
@ 3,86 26,3 0,591 68.8 0,375 6,74 2,49
v 3,93 26,8 0,579 69,1 0,382 | 6,74 2,32
T, uv 3,10 19,0 0,783 778 0,556 6,74 3,62
2T, u vl 089 4,73 0,986 92,5 0,849 6.74 6,62
z 0,86 6,19 0,985 94,8 0,896 6,74 6.89 .
8 Anaana T s °C
5 Ccra z 0,09 0,46 0,550 69,7 0.393 0,142 0.06
T 0.04 0,30 0.94% 89,5 0,790 0.142 0.110
u 0,10 0,58 0,350 59,6 0,192 0,142 0,04
o 0,10 6.53 0,290 98,2 0,164 0,142 0,043
\ u, 0.09 0,51 0.409 62,3 0,246 0,142 0,062
T.u v 0,04 0.26 0,935 87,9 0,759 0,142 0116
. Tou e 0.04 0.26 0935 87,8 0,756 0,142 0,116
6 - HI z 1,67 722 0,637 739 0,478 2,797 1.65
T 0,238 1,45 0,994 97.6 0,932 2,797 2,61
u 2,06 ‘9,37 0,386 60,1 0,262 2,797 0,598
v 2,01 10,9 0,408 66,0 0,320 2,797 0,539
", v 1.95 9,51 0,498 65,8 0,316 2,797 0.810
T.u v 0,251 1,53 0,993 96.6 0,931 2,797 2,68
2T, uuv 0,248 1,53 0,994 96,8 0,936 2,797 2,67
B 2, T 0,250 1,74 0,992 97,3 0,946 2,797 2,699
9 Awammz u 8 wjc
6 Cr1 z 028 1,78 0,795 76,1 0,522 0,60 0,42
T 0,41 2,43 0,445 63,7 0.275 0,60 0,09
u 0,25 2,12 0847 85.5 0.711 0,60 0,36
v 0,35 - 2,08 0,641 725 0,451 0,60 0,26
[ 0,21 1,52 0,892 85,7 0,713 0,60 0,42
T, u0 0,21 1,50 0,892 84,8 0.696 0,60 0,42
o T ouv| 024 154 | 0865 770 | 0540 ‘ 060 | 046
10 Awaas @ 8 wfe
6 Cr.a z 0,28 1,69 0,765 76,8 0.537 0,57 0.40
T 041 2,20 0,367 60,2 0.205 0.57 0,09
u 0,33 1,69 0677 72,7 0,453 0,567 0,26
v 0,25 157 0831 84,6 0,692 0,57 0,35
u, v 0,21 1,20 0,887 85,5 0,711 0,57 0,41
T, u v 0,21 421 0885 85.5 0.710 0,57 0,41
2T, uv|l 024 1,26 0843 76,3 0,527 0,57 0,44
- 6
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Continuation of Table 1

b Henoan-
::'_ 3onaNM 3 Umax r pc % ? oK %A
B = 1| aannme2 3 4
9 AHaams u ® e
in z 4.01 21,37 0,882 83.2 .| 0,663 976 | 644
6 T 676 | #477 | 0558 | o691 | 0381 | 976 | 107
u 2,26 12,13 0961 | 930 0,859 9,76 823
o 6,45 42,78 0535 | 68,0 0,360 9,76 2,24
o 2,37 11,03 0,967 - 931 0.862 9,76 7,62
T, u v 2,4) 11,26 0966 | 92,5 0,849 976 | 758
B a2 Tou o 3,83 i78 0884 | 77,5 0,349 9,76 6,69
4T 3.99 20,9 0881 : 831 0,662 | 976 6,47
|
_ 10 Axamus v B wm/c
6 I 2 3,84 14,34 0874 ! 811 0623 | 914 | G632
T 6,48 34,45 0,566 - | 69,3 0,386 ‘ 9,14 | 1.14
u 6,13 32,74 0,571 | G6%6 0,352 9,14 2.?0
v 231 13,29 0.951 90,3 0,806 | 914 7,68
u v 235 | 11,82 0961 | 899 | 0798 | 914 7,22
Tou v | 236 | 1249 0960 ' 904 | 0809 | 94 7.21
2 Touv| 382 | 1318 0881 | 774 0548 | 9,14 6,57
2T 381 | 1437 0875 | 808 | 0616 | 914 6,38
[
KEY:
1. Variant 6. IF (inertial forecast)
2. Data used 7. Analysis of z in dam
o
3. P coin(cidence) 8. Analysis of T in °C
4. 9 onltrol 9. Analysis of u in m/sec
5. Sm(oothing; 10. Analysis of v in m/sec

Method and Content of Numerical Experiments

The basic problem in the numerical experiments was the formulation of an
approach to the joint assimilation of data on several meteorological ele-,
ments on the basis of the optimum interpolation method and an investiga-
tion of the possibilities of reproduction of the field of meteorological
elements, information on which is lacking, using information on-other el-
ements. The basis of the computations was formulas for optimum interpola-
tion of deviations of meteorological elements from their valuec in the
preliminary field represented in the preceding section. The experiments
were carrled out using the DST-6 archives prepared at the United States
National Meteorological Center inm comnection with work on the program for
investigating global atmospheric processes. These archives contain both
observational data and the results of analysis by the NMC method.

_ One of the difficulties arising in checking the quality of the numerical
analysis is related to the lack of a standard with which it would be pos-—
sible to compare the results of the computations. As the standard we used
the NMC analysis, which henceforth will be called the "control variant."

FOR OFFICIAL USE ONLY _
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The computations were made within the framework of a one-level analysis

and use was made of data for the 500-mb surface (temperature T, horizon-

tal velocity components u, v and height z). Numerical experiments were

organized in such a way that as a result of the computations it was pos-

sible to determine the fields of all the mentioned meteorological ele-

ments since the number of elements participating in the analysis ("exert-
) ing an influence") can be varied.

The observation network was relatively dense: the distance between the in-
fluencing stations and the the point of intersection to be analyzed was 400-
600 km, :

An important problem is choice of the preliminary field. It is desirable
that the deviations of the observed values from the preliminary field be
small. In other words, the preliminary field of meteorological elements
must correspond quite well to their real values. On a practical basis this
is difficult to achieve. Therefore, numerical experiments were carried
out for two variants of the preliminary field. In one of them the devia-

- tions from the preliminary field were significant, in the second -- small,

In these variants the preliminary field was stipulated in the following

way. We will use tp to denote the moment in time for which the analysis

is computed. In the first case an inertial forecast for 24 hours was used,

and specifically, the preliminary field was stipulated on the basis of ob—
- servations at the time tg — 24 hours. We will call this the "TF" variant.

In the second case the preliminary field was obtained by smoothing of

NMC numerical analysis (variant "Sm").

It was assumed in the computations that the error in measuring the height
of the isobaric surface is 1 dam, temperature — 1°C, horizontal velocity
components -— 2 m/sec.

Results of Numerical Experiments

As tg we used 0000 GMT on 2 February 1976. In order to characterize the de-
viations of observational data from the reliminary field we use the value
é; (F) = lF(ng) - F(gre)f, where F£°b3§ and F(Pre) are the observed and

- preliminary values of the meteorological element at the point 1. We use

the notations § ¥ and S :lax -- the mean and maximum §* values.

In the "IF" variant the deviations from the preliminary field were extreme-—
ly significant. For example, for z S—* = 4.2 dam, & = 35.7 dam there
are 137 of the points with values §*>8 dam. The gwagnd S ;ax values are
also large for the other meteorological elements. For a temperature §* =
2°c, J;ax = 11°C; for u§™ = 9.9 mw/sec, ;ax = 47 m/sec; for v §* = 6.4

m/sec, 5;ax = 38.9 m/sec.
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In the "Sm" variant the corresponding values are smaller, by at least an
order of magnitude. For example, for z §* = 0.2 dam, ‘5;a¥ = 1.7 dam,
for T 8" = 0.1°C, § %, = 0.6°C, for ud® = 0.4 m/sec, 6~max = 2.5 m/sec.

Now we will examine the results of the numerical experiments.

The analysis was made for a rectangular regular grid with the distance be-
tween points 300 km at 60°N. An evaluation of the results of the computa-
tions was made using 1,632 points of intersection in a regular grid sit-
uated in Europe, North America and the northern part of the Atlantic.

An evaluation was made by means of a comparison of the computed deviations
of meteorological elements from the preliminary field (F(A)) and the cor-
responding deviations in the control variant (F(con)}, In the evaluations
we used a numBer of characteristics: correlation coefficient r, mean &
and maximum Smax values of the parameter

04 = JF£A) - Fgfon)l (i 1s the number of the
point),

the distribution of the Si_values by gradations, P.,in -~ the ratio of
the number of points at which there is a coincidence of the deviations
F(A) ang F(cong to the total number of points, 0 =Pcoin - /oopp’ where
P opp 1is the number of points with opposite signs of deviationms, 04
and O'con -~ the standard deviation for F(A) and F(con) respectively.
Evaluations of the results of the numerical experiments for the IP and
Sm variants are given in Table 1.

The data in Table 1 show with what accuracy it 1s possible to carry out a
numerical analysis of the heights z of the 500-mb isobaric surface when
using different sets of "influencing" meteorological elements. This table
shows that some idea concerning the distribution of z can be obtained
with definite success using the temperature field at the 500-mb surface.
For example, in the IF variant the correlation coefficient r between the
computed and control values of the deviations from the preliminary field
was 0.65; the signs of the deviations coincided at 75% of the points.

A shortcoming in the restoration of z is that the amplitude of the devia-
tions (see the O, and Geon values) is considerably too low. As a re-
sult, the errors of the restored field were rather great. Although the

8 and & max values are less than the corresponding ($* and S:Iax) val-
ues in the initial data, and accordingly, the relative restoration error

is less than unity, it is nevertheless about 0.9.

Computation of the z field on the basis of wind data gives somewhat better
results. The correlation coefficient was 0.73; the signs coincided at

75% of the points. The amplitude of the computed deviations is closer to
the observed value, although the Op value is low relative to Oeon by
approximately a factor of two. The Jand Jnmx values were less than in
the case of use of data only on temperature. It should be noted that

- 9
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computations with joint allowance for u and v gives results which are
better than if use is made only of data on u or only on v.

Simultaneous allowance for data on temperature and wind leads to results
which are somewhat better than in cases when these elements are taken

into account separately. Thus, the correlation coefficient was equal to
0.78 and the signs coincided at 78% of the points. There was some improve-
ment in the other evaluations of quality of the analysis. Similar results
were also obtained in the Sm variant.

The conclusion can therefore be drawn that in the absence of data on the

heights z the distribution of this meteorological element can be obtained
with the above-mentioned accuracy on the basis of the temperature and wind
measured in a relatively dense network of points.

)
H

Table 1 also gives evaluations of the quality of multivariate analysis for
a case when in addition to data on the temperature and wind there are

data on the height z. This table specifically gives information for a

case when the analysis of z is made using data only on z (variant "z'"),
and for cases of joint use of data on z and on other meteorological ele-
ments. In these computations the values were used in a relatively dense
network of points: the z values at four influencing points participated
simultaneously in the analysis. These evaluations make it possible to com-
pare the results in cases of a "univariate" analysis (computation of z
using data only on z) and a multivariate analysis (in the computations data
on other meteorological elements are used together with data on z).

It can be seen from Table 1 that joint allowance for data on z and T did
not improve analysis of the z field. In the case of joint processing of
data on heights, temperature and wind the quality of analysis of the
heights z was somewhat improved in comparison with a univariate analysis.
For example, in the Sm variant the correlation coefficient increased from
0.907 to 0.923, the maximum error became 0.62 dam in place of 0.86 dam,
and there was an improvement in the ratio GK/‘TEon (0.935 instead of
0.806) . However, the percentage of coincidence of signs decreased from
88.2 to 84.5%. The relatively small positive contribution of the addition-
al information is attributable to the fact that data on the main meteor-
ological element (z) were available for a quite dense network of points.
This agrees with the conclusion drawn by Schlatter, et al. [12] that
allowance for the wind does not give an explicit improvement in the anal-
sis of heights of the isobaric surfaces. The results obtained by Schlatter
were for a reglon with a rather dense network of stations in the United
States. '

However, the picture changes congiderably if there are few stations with
data on z. As an illustration of this, Table 2 gives the results of a

numerical experiment in the case of a thin network of stations with data
on z, and specifically, when only one influencing station with data on z-
participates in the computation. The first line in Table 2 gives evalua-
tions of the analysis with the use of data on z at one points the second

10
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line -- evaluations of an analysis with the joint use of data on z at

one influencing point and data on T, u, v in a dense network (four points
with the values of each element). It can be seen that allowance for data
on T, u, v within the framework of multivariate analysis led to a defin-
ite improvement in the results: the mean error was reduced from 3 to 2
dam, the maximum decreased from 21.3 to 12.2 dam, the correlation coef-
ficient increased from 0.83 to 0.93, etc. The evaluations came close to
the evaluations of an analysis with a dense network of points with data
on z (see Table 1).

Table 2

Evaluations of Analysis of z in Case of Thin Network With Data
on z in IF Variant

Henoaszosans — .
AaHHbie 0 0 ’.fmax r . Y
MeTeoaneMeit- dasn da.u P "ty ? Ik 9
Tax ] 2 2 . 3 4
z 2,96 . 21,3 0,
2T, u 0 1,99 122 | oo 854 0% | &74 3%
KEY:
1. Use of data on meteorological elements
2. dam
3. coin
4., con

Now we will proceed to the results of computaticn of the temperature
field. The corresponding evaluations of quality of the analysis are given
in Table 1. The data in this table indicate the possibility of using data
on heights for determining the temperature field. In the considered case
the results are characterized by a correlation coefficient of about 0.6.
However, an analysis with the joint use of data on T, z, u, v did not

lead to a significant change in the evaluations in comparison with comput-
ation based only on temperature data and even somewhat worsened them.

This is evidently attributable to the fact that the computations were

made for a dense network.

Evaluations of the accuracy in analysis of the wind field are presented

in Table 1. This table shows that in the absence of data on the wind the
wind field is relatively well restored on the basis of data on the heights
of the isobaric surface. For example, in the IF variant the quality of
analysis of the velocity component u is characterized by a correlation co~
efficient r = 0.88; the percentage of points with a coincidence of signs
is P ¢oin = 83.2%; the mean absolute error is § = 4 m/sec. The same re-
sults were obtained in an analysis of v. The joint use of data on heights
and temperature insignificantly improved evaluations of quality of the

analysis. -
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Computations of wind on the basis of data on only this element gives good

- results in the case of a dense network (in the IF variant r = 0.96; & =
2.3 m/sec). Joint allowance for data on u and v gives a result somewhat
better than when using these components separately. Joint processing of
data on z, T, u and v reduced the quality of the wind analysis. This is
possibly attributable in part to the fact that when there is a dense net-
work the data on the other elements were excess, and in part to a not very
reliable choice of the cross-covariation functions and the values of the
measurement errors.

In summarizing what has been said, it should be noted that the results pre-
sented above are evidence of a positive effect of a multivariate analysis
and can serve as a basis for realizing a scheme for multivariate four—
dimensional analysis. In addition, additional work must be done on study
of the statistical structure of the deviations of meteorological elements
from the preliminary field and on the choice of parameters characterizing
the fields of deviations and entering into the computation formulas,

on refining the method for joint use of data at different levels of the
atmosphere and on evaluation of the role of asynchronicity of observations,
etc.

In conclusion the author expresses appreciation to Ye. L. Metelitsa for
assistance in making the computations and A. M. Gofen, who kindly furnish-
ed a library of programs for work with the DST-6 archives.
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UDC 551.(509.314+54.543)

POSSIBILITY OF REMOTE SENSING OF THE RELATIVE HEIGHTS OF THE PRINCIPAL
ISOBARIC SURFACES '

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 5, May 80 pp 15-21

[Article by Candidate of Physical and Mathematical Sciences 0. M. Pokrov-
skiy and S. G. Denisov, Leningrad State University and Main Geophysical
Observatory, submitted for publication 5 September 1979]

Abstract: The authors propose and validate a
scheme for remote sensing of the geopotential
field on the basis of the pseudoinversion
method. The article examines the problem of
choice of the optimum spectral intervals.
Optimum measurement schemes are given for

the 15-{Am COy absorption band applicable

to the Hggp, H300, Hygo fields. It is shown
that in order to derive information concern-
ing variations of the mentioned fields it is
necessary to have no more than four measurement
channels. The error levels in remote sensing of
the heights of the principal isobaric surfaces
are given when using a different number of op-
timum measurement channels. The relative non-
dependence of the optimum measurement scheme
on the level of measurement error and the

type of a priori statistical information is
clarified.

[Text] Progress in the use of observational data from meteorological sat-
ellites 1s determined to a considerable degree by the effectiveness in
obtaining and analyzing quantitative information on the fields of the
most important meteorological elements. The problem of remote thermal
sensing of the atmosphere and the underlying surface is one of the most
timely. At the present time data on relative geopotential are obtained
through the intermediate stage of restoration of the temperature field
on the basis of the results of remote measurements [6]. In this article
we discuss the possibility of constructing a simple computation scheme,
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making it possible to obtain evaluations of relative geopotential, by~
passing the traditional procedure of solution of the inverse problem

for determining the vertical distribution of temperature. On the basis

of the formulated approach, we will examine the problem of optimum

choice of spectral intervals for remote sensing of fluctuations of the
2eopotential field. The results of computations using the mentioned

scheme are given for the 15-pm CO2 absorption band. Sets of optimum spec-
tral intervals are obtained and the errors of the proposed method are
indicated in the case of the most important isobaric surfaces Hgp0s H3po
and H700 .

Mathematical Aspects of Problem -

In solving the inverse problem it is common to use a linearized form of
the transfer equation, written in terms of deviations from the mean tem-
perature AT =7 - T and radiation AL =1 - L values:

ALY =2 [Tl =, (p) AT (p) —
1 | W
nPs o8, as,,

~ [ SR T(MIAT 52 dinp.
0

Here TZAV(p) is the atmospheric transmission function for the layer from
the upper boundary to the level with the pressure p in the spectral in-
terval with its center at the frequency v ; B, [T(p)] is the Planck func-
tion for the emission of an ideally black body at the temperature T(p) for
the frequency V.

Thus, the problem is reduced to a determination oﬁ_£3T(p) using data on
AL(V). In the presence of a profile of the mean T(p) values the problem
of determining the geopotential of an isobaric surface with the pressure
p is reduced to an evaluation of the corresponding deviations using the

formula - In o, '
AH(p)=c YAT(p)dlnp%—Tl, (p;) Alnp, | " (@)
ln;

Here T; 1s the mean virtual temperature.
Since the remote sensing method does not make it possible to monitor vari-

ations of surface pressure Aln pg characterizing the second term in [2],
ve will examine the problem of evaluating the first term :

~ nps
AH(p)=c { AT (p) dinp, (3)
In;

representing the deviation of the relative geopotential of the isobaric sur-
face with the pressure p.,
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Since (1) and (3) are linear functionals of one and the same function

AT(p), it is clear that the AHo(p) value can be directly expressed through

AL(v), bypassing AT(p). We will examine the necessary transformation,

- which is accomplished after algebraization of (1) and (3). The replacement
of (1) and (3) by approximating expressions containing vectors and matrices
leads to the following matrix equations:

AL=A AT, 4)
AHY (p)=[r ()P -AT )

(* is the transposition symbol). Here AL = (AL( V9)eeos AL(Vm))*;

Pp = Ps> A 1s the matrix m x n. The vector r(p) has the form r(P) = c-

(1545 Cxs O, ...,0)* under the condition that P = Pk» €4 are quadrature

coefficients used in approximation of the integral in (3). The perturbed
- system, describing satellite observations, is rewritten in the form

AL=A AT+e. : (6)

Here £ is the vector of measurement errors. We will assume that £ is a
random Gaussian vector with zero mean values of the components and the
known covariation matrix K% . According to [1], the best linear unbiased
evaluation (BLUE) AHO for (5) on the basis of a model of measurements
(6) is determined using the formula

A A ~ ' .
AH®=g" AL, €))
where A ) .
g={/~K} K. ) (A+)* -r. 8)
Here the Ke¢ matrix is a positive square root of KZE . In addition, Eg =
Ke (T - A-A%). The BLUE coincides with the evaluation of the least
squares (ELS), with which § = (At)*.r then and only then [1] when the
following expression is correct
K+ K. =Kt K. (9)

Since I - A-A% is a projector onto the subspace N(A*), being the zero-space
of the matrix A*, then the correctness ¢f (9) is ensured by the undegener-
ate character of the K¢ operator within the N(A¥) limits. It appears that
for problems involved in the processing of the results of observations

the formulated requirements are usually satisfied. In actuality, the stan-
dard assumption that Kg = diag(o'2,..., 0’1%), (o*%) 0) guarantees the unde-
generate nature of K2, In the computations we used the still more frequent
assumption that K% = O'Z-I, which corresponds to a measurement system with
a set of equally precise radiatioa detectors.

16

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300020010-5



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300020010-5

FOR OFFICIAL USE ONLY

In addition, within the framework of the algorithm for optimization of
the measurement scheme [3] there is always assurance of choice of a
minimum number of linearly independent rows of _he A matrix [6]. In

the case of a linear nondependence of the A rows the expression N(A*)

= {0}, which, in turn, transforms (9) into identity, satisfied with any
Kg .

Thus, in examining the group of problems of interest to us BLUE (8) al-
ways coincides with the ELS, for which the q vector has the quite simple

form
The solution of problem (4) has the following general form:
AT=A+ AL +s. (11)

Here s is an arbitrary vector of the linear set N(A). Formula (11) re-
flects the fact that the vector sgace AT is broken down into the direct
- sum of the subspaces N(A) and R(A*). R(A*) is the transform of the A® op-—
erator. By analogy with (11) it is possible to write an expression for
the linear functional A HO from (5). Since the ELS for the functional of
the solution of problem (7) is determined by the choice of the vector q
using formula (10), its deviation from the true value can be written in
the following way:

AHV—AHo=r? P AT —r* At = a2)

. In (12) use is made of the fact that s = P-AT, where P = I - A*-A 1is
the projector onto N(A).

The components of the q vector describe the distribution of information

on AHO in the spectrum. Formula (7) indicates that the variations of rel-
ative geopotential are always proportional to variations of some integral
spectral characteristic of the radiation.

We will note some peculiarities of the ELS approach. The used evaluations
do not require a priori statistical information on the solution. In order
to obtain the ELS of fluctuations of the H field there is no need to carry
out multistep computations used at the present time in operational prac-
tice [6, 7]. The weighting vector q must be computed in advance. The sim-
plicity of formula (7) indicates the possible prospects for constructing

a specialized optical system realizing spectral integration of radia-

tion intensity AL with the weight q and providing direct evaluations of
fluctuations of the geopotential field.

In the practical realization of the proposed method a highly important
problem is that of the optimum choice of a set of spectral intervals for
obtaining the best evaluations of the heights of the standard isobaric
surfaces. The next part of the study is devoted to a discussion of this
problem.

17
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Computing the dispersion (12), taking into account that the components
of the AT and £ vectors are statistically independent, we obtain

S (AH) =r® P Ky -Portrt At KA1 or 13)
Here K% is the AT covariation matrix.

- Now we will discuss the terms of the dispersion CTZ(ZXHO). The first term
on the right-hand side of (13) characterizes the mean variations of geopo-
tential caused by fluctuztions of the AT projection onto the zero space
of the A operator. This component of the AT fluctuations is such that
it contains no information on the A L signal. The second term in (13) is
related to the measurement errors. In the case of uncorrelated observa-
tion errors K% = (Y%-I expression (13) assumes the simpler form

:?(.\H"):r' P KL P-ria-rt(A*-A) -r ) 14

Now the problem of optimizing the choice of spectral intervals is naturally
related to minimizing of the dispersions of evaluation of geopotential

(13) or (14). It is clear that with an increase in the number of measurement
channels m the first term on the right-hand side of (13)-(14) decreases

(due to a decrease in the dimensionality of zero space of the A operator);
the second term at first also decreases and then*sharply increases (due

to a worsening of conditionality of the matrix A" +A). We note that the
"relative weight" of the terms changes in dependence on the level of the
errors in initial data (Tg. Thus, it is possible to count on obtaining an
optimum with finite m.

Realization of Optimization Method

Since in the proposed approach the usual procedure for solving the inverse
problem has been replaced by an algorithm for single computation of the
components of the q vector, the center of attention shifts to an examina-
tion of the problem of optimization of the measurement scheme. As an il-
lustration of the possibilities of this method we examined the problem
of determining the optimum set of spectral intervals in the 15-pm COy
absorption band for remote sensing of fluctuations of the relative heights
of the isobaric surfaces H3p0, Hsgg, H700. Computations of the components
of the A operator require stipulation of the atmospheric transmission
- functions. We used computation data furnished through the courtesy of the
authors of [5]. These materials corresponded to the spectral region 600~
770 cm~l with an interval 0.5 cm~l and a resolution 1 cm™l. The covariation
matrix K% was taken from [8]. The functional (14) was initially optimized
using a scheme for successive choice of the spectral intervals [3]. The
preliminary stage in the investigation indicated that the optimum number
of spectral intervals does not exceed three for each of the considered
isobaric surfaces. With a further increase in the number of spectral in-
tervals the dispersion of the evaluation &2 increased sharply. Therefore,
a real possibility appeared for carrying out optimization by direct trial

18

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300020010-5



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300020010-5

FOR OFFICIAL USE .ONLY

and error. These computations indicated that both methods (successive
and direct trial and error) in most cases lead to identical results.

Principal Characteristics of Optimum Measurement Scheme

Xapakteptctikit 3(pexTHRIOCT .
fgfsﬁgg cnléllf;{[:g;- 4 30HANPOBAHIIA Kosmnonentut
- " 2 | xanaaoB 30H-| nwix HuTep- | . N A A aex';opa
g1 awposans 2 |Baos, ca= a ae o2 w2 63/al P 5
Hy 2 723 108 2335 0,37 49 21,6
- 743 107 1436 0,23 33 - (10,1 13,6
Ha!| . 3 723 1 954 | 6297 | 035 8 |355
717 552 3530 " 0,22 64 15,7 21,4
708 556 3053 0,19 60 18,8 15,7, 3.2
Heo 1 723 347 332 0,34 26 |81

KEY:
1. Field
2. Effective number of sounding channels
3. Centers of spectral intervals, cm—1l
4. Characteristics of sounding effectiveness
5. Components of q vector
omf b
0
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7
oot .
- 2
8§00
s
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7 4% 06 a8 10 12 1eadaip :

Fig. 1. Weighting functions d¢, /d 1g p for sounding frequencies: 1) 708
em™1; 2) 717 em~1; 3) 723 en~l; 4) 743 cml.

The most important characteristics of the optimum measurement schemes are
given in the table. The results indicate that remote sensing of the three

most important isobaric surfaces does not require more than four measure-
ment channels centered at ¥= 723, 708, 717, 743 cm~l. The channel v/ =
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723 Acrn“l is the most important. The multiple correlation coefficient
1 -02/02 between the AL fluctuations in this channel and A HO always
exceeds 60%.

~ Due to the finite '"vertical resolution" of the corresponding weighting
functions dTA,/d1n p (see figure) the number of necessary channels in-
creases only with an increase in the thickness of the sensed atmospheric
layer. In the sensing of H3gg and Hsgg the contribution of the second
spectral interval to the value of the multiple correlation coefficient
is about 15%. The "information weight" of the third channel for Hygq is
still less appreciable and equal to approximately 3%.

Now we will examine the absolute errors of the proposed method. The cited
computation results correspond to a level of measurement error constitut-
ing 2.5 erg/ (cmz-sec-mean-cm'l). This corresponds to a relative level of
measurement error equal to 5%. The & 2 dispersions (first term in (14)),
related to fluctuations of the temperiture profile AT which cannot be
monitored during remote sensing, are small in comparison with the G2
dispersions (second term in (14)), governed by the measurement errors.
Hence, from the form of (14) it follows that there is a weak dependence
of the method on the type of the a priori covariation matrix K4. An ex-
ception is Hygg. Accordingly, the results of the optimization procedure
are determined completely by the behavior of 6’% in dependence on the
number of measurement channels. An increase in the number of spectral in-
tervalsAin comparison with those cited in the table leads to an increase
in the ¢ 2 values.

The errors in determining the Hs500, H3gg, Hygo elements are 40, 60, 25 m
respectively. In the case of small measurement errors (1%) it is possible
to indicate the following levels of evaluation errors: 22, 37, 18 m.

We note that our computations indicate an absence of any dependence of the
. optimum measurement scheme on the level of error in initial information
O¢ in cio range from 1 to 10%. This circumstance ensures invariance of
the q coefficients cited in the table. The practical realization of this
approach requires an examination of the problem of optimum spectral reso-
lution, that is, the width of the selected spectral intervals.

Summary

The measurement scheme and the interpolation formulated above differ sub-
stantially from the traditional approach assuming a solution of the inverse
problem applicable to each subsatellite point. The method which we proposed
essentially involves a very simple operation -- computation of the scalar
product of vectors with a dimensionality not exceeding 3. This simplifica-
tion of solution of the problem is fundamental. In this case there is a
real possibility of obtaining evaluations of geopotential in an operation-
al regime directly aboard a meteorological satellite. We examined the case
of a cloudless atmosphere. In the IR range ordinary difficulties arise
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when clouds are present. Accordingly, the advantages of the considered
approach should be particularly great when using microwave measurement
instruments. In this case the presence of very simple computers in the
on-board instrument package can ensure not only the determination of the
geopotential fields in the grid, but also the transformation of this in-
formation to a more compact form by means of expansion of the fields in
a system of orthogonal functions on a sphere or hemisphere and the trans-
fer of the corresponding data for use in numerical forecasting after
carrying out initialization. The use of harmonic analysis operations is
valid because in the approach which we have proposed the observation
- equation is scalar and has (in contrast to the initial system (6)) a
simple structure. In this case the measured value is equal to the sum
of the statistically independent signal and noise with known stochastic
characteristics. Therefore, remote observations have no fundamental dif-
ferences from the aerological sounding data, other than presence of spa-
tial correlation of the errors (noise) [2, 7]. We note that the smooth-
ing of the spatially correlated errors in remote sensing data can be ac-
complished using adequate filtering procedures [4].
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UDC 551.509.6
METHOD FOR DETERMINING THE ICE-FORMING ACTIVITY IN A DIFFUSION CHAMBER
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 5, May 80 pp 22-29

[Article by Candidate of Chemical Sciences B. Z. Gorbunov, N. A. Kakut-
kina, Candidate of Technical Sciences K. P. Kutsenogly and N. M. Pshen-
ichnikov, Institute of Chemical Kinetics and Combustion, submitted for
publication 19 September 1979]

Abstract: It is shown that the usually em-
ployed method for taking into account the
volume effect during the appearance of ice-
forming particles in a diffusion chamber can
lead to very great errors in the measured
values of the fraction of active particles.
Another method is proposed for determining
the true ice~forming activity, based on the
fact that there can be no volume effect when
there is a zero quantity of ice crystals.

- [Text] In an investigation of the mechanism of {ce formation on foreign
particles it is extremely useful to have data on the influence of super-
saturation on ice-forming activity. In studying the influence of super-
saturation the diffusion chamber method is used. In this method the
particles are first sampled from the aerosol flow on a backing and then
appear in a diffusion chamber with a known supersaturation. In this pro-
cedure the sample is cooled to a stipulated temperature. Then a supersat-
uration is created over it relative to the ice by heating the ice surface
situated nearby and after some time the number of forming ice crystals is

- counted.

A peculiarity of the diffusion chambers method is that the reagent par-
ticles on the backing are situated considerably closer to one another
than in a cloud or fog. In this procedure the water vapor arriving from
the heated ice surface does not suffice for developing all the ice nuclei
{9, 10]. As a result, the ‘measured value of the concentration of ice nuc-

- lei is dependent on the number of nuclei in the sample (the so-called
vapor depletion, bulk or volume effect) [3, 6-8, 10- -117.
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In order to clarify what the volume effect is dependent on, Lala and
Jiusto [10] carried out model computations of supersaturation in a
chamber of the diffusion type. This analysis indicated that in general
the supersaturation level in the chamber differs from an equilibrium
level, determined by the expression

ZP(T£AT) (8]
So= Py (T) ’
where Py is equilibrium pressure of water vapor over a plane surface
ice -- source of vapor with a temperature of the upper plate in the

chamber T + AT, Py is the equilibrium pressure of vapor over a plane
water surface with a temperature of the lower chamber plate with the
sample T.

The water vapor, arriving from the upper plate, is expended on the lower
plate on the formation and growth of crystals and water droplets. As a
result, the effective supersaturation on the lower plate is lower than
that determined using formula (1). According to [10], the true supersatur-
ation in the chamber differs from that determined using formula (1) to a
greater degree the greater is the concentration of the hygroscopic nuclei
and ice crystals in the filter. Thus, the use of formula (1) is possible

only with sufficiently small concentrations of condensation nuclel and
crystallization levels.
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Fig. 1. Fraction of active particles of silver iodide in dependence on
their mean radius obtained by different authors in diffusion chambers with
T = -16°C and Sy = 100% with different mean radii of particles. 1) [12],
2) [41, 3, 4) [51, 5) [11], 6) [7], 7-9) [13], 10, 11) [12].
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In an investigation of artificial aerosols hygroscopic nuclei can be com-
pletely dispensed with. However, the forming ice crystals nevertheless
will decrease the supersaturation in the chamber. The influence of the
depletion effect, related to the growth of ice crystals, can be very

great on the measured ice-~forming activity. The scale of this influence
can be estimated from Fig, 1, which gives the fraction of active particles
(g) of silver iodide in dependence on the mean size of the particles
measured in different diffusion chambers. The scatter of data is eight
orders of magnitude Z . For cloud chambers the scatter of these same

data is only one order of magnitude & . A scatter of the value by eight
orders of magnitude makes it impossible to use diffusion chambers without
taking the vapor depletion effect into account. Therefore, it is necessary
to have a procedure which makes it possible to take this effect into ac-
count in each specific case.

Such a procedure was proposed in a study by Huffman and Vali [8]. The es-
sence of the procedure is that on the basis of several measurements of
the concentration of ice nuclei (€) 1in dependence on the sample volume
(V) there is extrapolation to a zero volume, where there can be no deple-
tion effect. An extrapolation law was derived in [8] on the assumption
that around each growing ice crystal there is a deactivation region whose
extent is not dependent on the number of nuclei in the sample.

In order to be convinced of the correctness of their assumptions, the auth-
ors of [8] compared the theoretical and experimental dependences of the
concentration of ice nuclei on the air volume passing through the filter.
However, the experimental dependence of the concentration of ice nuclei

on volume was obtained in a very narrow range of volumes (the volume
changed by a factor of four) and, in addition, with such volumes in which
the depletion of vapor is still very significant. As will be demonstrated
below, this can lead to very great errors in determining the region of de-
activation around the crystal, and accordingly, true ice-forming activity.

Thus, the correctness of the method for ‘taking into account the volume ef-
fect proposed by the authors of [8] was not experimentally substantiated.

The purpose of this study is an experimental investigation of the effect
of vapor depletion and the development of a procedure making possible a
correct determination of the ice~forming activity, of aerosols in the dif-
fusion chamber.

Experimental Part

(A study of the vapor depletion effect was made using silver iodide aerosols.
The method for obtaining silver iodide aerosols and determining their char-
acteristics was described in detail in [1]. The aerosol was sampled using

a thermoprecipitator [1] on glass with a hydrophobic surface. A hydrophobic
surface was created by placing the glass in organosilane [14]. On glass
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with such -a coating there is no condensation right up to supersaturation
relative to water Sy = 1.03-1.04.

Fig. 2. Diagram of diffusion chamber. 1) thermocouples, 2) glass with
sample, 3)' microscope objective, 4) ice layer, 5) sample holder

A study of the influence of supersaturation on the probability of ice for-

mation was made in a diffusion chamber which consists of two parallel

horizontal plates with a diameter of 80 mm (Fig. 2). The distance between

the plates is 5 mm; the lower plate has a projection along which a sample =
holder with a glass slides. In order to improve heat transfer between the

holder and the glass a thin layer of silicone oil is poured between them.

A sheet of aluminum foil with a thickness of about 50jAm is attached to

the upper plate in the chamber in order to decrease the temperature gra- -
dients; a layer of ice is frozen to this plate. The temperature of the

ice surface and the glass was monitored using cupper-constantan thermo-

couples with a junction measuring & 0.3 mm. The error in measuring tem-

perature is 0.07°C. The chamber was cooled by the vapor of liquid nitro- -
gen independently for the upper and lower plates. The maximum temperature

difference along the lower plate was less.than the error in determining

temperature (0.07°C), and along the upper plate was 0.13°C. The supersat-

uration in the chamber was determined using formula (1). The formation and

growth of ice crystals was observed using a NU-2 (Karl Zeiss) microscope.

The error in determining supersaturation was evaluated on the basis of
the accuracy in determining the maximum gradients. This value was about
2%.

The real supersaturation in the chambetr can differ from that computed using
formula (1) not only due to the temperature gradients, but also as a result
of water vapor losses in the chamber. In the absence of ice crystals, these
_ losses can be accounted for by the chamber walls, the glass and the conden--
sation nuclei present in the chamber. Accordingly, prior to the onset 6f
work in the diffusion chamber the absence of "extraneous" losses was check— -
ed. This was done by using the dew point, that 1s, by the regular registry of
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supersaturation at the time of appearance of water droplets on glass
without a hydrophobic covering. This supersaturation must correspond
to 8y = 100%. The experiment gave S, = 100+l% for the dew point. This
igdicates an absence of extraneous losses and makes it possible to set
the supersaturation correctly.

)

M1 L 1
7 0% 70t w4

Fig. 3. Dependence of the measured fraction of active particles (a) and
probability of formation of last ice crystal with a quantity of particles
in the samgle n (b) on the number of particles in the sample. I corresponds
to &= 1074, II corresponds to &= 3-1074.

The measure of the experimentally observed ice-forming activity of particles
(% ') was the ratio of the total number of forming ice crystals (Nice) to
the number of aerosol particles (n) precipitated om the glass (n).

%' = Nice/n. (2)
Results and Discussion

The depletion of a source of water vapor in the presence of ice crystals
has this result: the measured fraction of active particles (% ') is depen-
dent on the number of particles in the sample. Such dependences were ob-
tained experimentally. Typical dependences are illustrated in Fig. 3a.

In order to obtain these dependences we took a number of samples with a
different concentration of precipitated particles and for each sample we
determined Ny., and then Z '(n). The true ice-forming activity can be de-
termined from the dependence £ '(n). This could be done most simply by us-
ing the procedure proposed by Huffman and Vali [8]: using the segment of
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the & (n) curve, determine the extent of the deactivation region around
the crystal and then extrapolate the curve to n = 0, where the depletion
effect cannot exist. For this we rewrite the extrapolation law in terms of
£ and n derived in [8]:

§n
» » r
v=i(i-g) (3)

Here A is the total area of the sample, in our case equal to 60 mmz, r is
the deactivation radius.

However, in an attempt to apply this procedure to the experimentally de-
rived dependences % '(n) it was found that the extent of the deactivation
region and also the true ice-forming activity £ are highly dependent

on from what segment of the £ "-n curve they are determined. In order to
confirm this we will turn to the £ values cited below, computed using dif-
ferent pairs of points taken on the curve II in Fig. 3a. The coordinates
of the four experimental points used were as follows: ) n-= 3~103, g =
3.3:107%; 2) n = 104, £' = 2.107; 3) n = 105, &' = 4-10~5; 4) n = 106,

' =3.1076,
True Ice-Forming Activity 5, Computed from Different Pairs of Experimental
Points
No of points 1-2 1-3 1-4 2-3 2-4 3-4
= 71074  1.6-10% 3.2.10-3 103 0.79 1.5-1079

As indicated above, the 3 values, computed using different pairs of points
on one and the same experimental %'-n curve, differ by nine orders of mag-
nitude of the 3 parameter. The %, value, computed using points 3 and 4, in
general contradicts the observed dependence of &' on n, In actuality, if
% =1.5-1079, with n = 104 there should be 1.510~9.10% = 1.5:10-5 1oe
crystals, that is, Njce = 0. In the experiment, however, two ice crystals
appear. Thus, the procedure for taking into account the vapor depletion ef-
fect proposed in [8] cannot be used in determining § .

Two reasons. can be advanced for the unsoundness of the procedure. First, it
is possible that the theoretically derived extrapolation law (3) does not
correspond to the experimental dependence % '(n). The extrapolation law (3)
was derived on the assumption that the regions of deactivation of adjacent
ice crystals do not intersect, that is

[ = ice] 1%”’-‘-((1. i (4)

Now we will check the satisfaction of this expression for the experimental
'(n) curves. For this purpose we will select two gairs of values n and
&' on the ‘curve II in Fig. 3a, for example, n = 10, £' = 2,5.10~5 and
n = 106, ' = 3.10-6, After substituting these values into (3) we find
that the ratio (Rr2/A) = 0.95. Thus, even with the minimum Nj.e = 1 ex-
pression (4) is not satisfied. The second possible reason for the
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unsoundness of this procedure is in the very character of the dependence
of €' on n. This can be confirmed by examining the dependence of £ ' on

n, cited in Fig. 3a., In the region of large n these curves, corresponding
to substantially different £* values, differ very little, by less than a
factor of three. [The procedure for determining § will be described below.]
Therefore, small errors in determining %' in this region during extrapola-
tion can lead to great errors in the values. Thus, despite the simplicity
and the ease of application of the method for taking into account the de-
pletion effect proposed in [8], the errors arising in its use make its
practical. employment impossible,

In this connection, in this study we propose another procedure for estimat-
ing the true ice-forming activity. It is based on the fact that the deple-
tion effect cannot occur in the absence of ice crystals. The essence of
this procedure is as follows. With a gradual decrease in n by one and the
same number of times, for example, by a factor of three, there is registry
of the minimum number of particles in the sample with which ice crystals
are still formed. With a further decrease in n crystals are not formed

in the sample during one experiment since due to the small number of par-
ticles the probability of appearance of an ice crystal becomes £ 1.

Now we will examine the dependence of &' on n in greater detail. We will
discriminate two regions of n values: with large n there are ice crystals;
with small n there are no ice crystals. The minimum number of aerosol par-
ticles precipitated onto the glass with which at least one ice crystal is
still observed is denoted ni, whereas the greatest number of crystals with
which crystals are not observed is designated nj-j.

The number of ice crystals observed with nj by definition is équal to
[T = ice] N, =t

If there was no water vapor depletion effect, with ny a large number of
ice crystals could appear, equal to

Zni, that is, 2“12Nice T

In the absence of ice crystals there can be no water vapor depletion and
therefore an absence of ice crystals with nj.] means that

Emo <1
By combining the last two inequalities we obtain an estimate for the true
value of the fraction of ice-forming particles:
! Nai y

t= =3.
g ny
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We will carry out the following reasoning for a more precise estimate of
the true ice-forming activity. The fact that the last ice crystal in a
series of experiments with a gradual decrease in n is formed with the
concentration ny as a random event gives a probability of its realization
which will be denoted Py. In principle, with a definite probability it
could be formed with any other n value, for example, with ng. The proba-
bility of realizing such a possibility will be denoted Pr. The dependence
of the probability of formation of the last ice crystal with the concen-
tration n on n is shown in Fig. 3b (the method for computing this depen-
dence is described below). According to this dependence, with some n
value the formation of the last ice crystal is most probable. With a
change in the true ice-forming activity (£) the £ '(n) curve does not
change; there is only a shift parallel to the n-axis (see Fig. 3b). Thus,
the search for the Z value from the dependence of ¢' on n involves find-
ing the & value for which the dependence £'(n) has the maximum when n =
ny.

Now we will proceed to the derivation of specific formulas making it pos-
sible to compute the £ value. The probability of formation of the last
ice crystal with the concentration ny, Pi, according to the formulas of
the theory of probabilities, is

-1 o - ~ .
Plznpm' " (I—Pm)ﬁ
C o om=t m=i
~
where P is the probability that with the concentration np not one ice
crystal appears, and (1 - Pp) is, the probability of the appearance of at

least one crystal with ny. The Py values in the case of absence of the
depletion effect can be computed using the Poisson formula

W,= £ ()t
! '

where Wy is the probability of formation of L dce particles with their
mean number ny. In the absence of vapor depletion P, = Wy = e~ £Pm, In
the presence of the depletion effect the Poisson distribution is not satis-
fied because ice crystals do not appear independently of one another. This
complicates the computation of probabilities. However, in the absence of
ice crystals there can be no depletion effect. Accordingly, the probability
that not a single crystal will be formed is identical both when there is a
depletion effect and when this effect is absent and is equal to e~ $Mm,
This means that the probability of having at least one crystal with any
ny value also can be determined correctly and is equal to (1 - e~ £7m),
Thus, Pj can be written in the form

i=1 = s —% :
=]l " [I(1—e m). (5
m=1 m=1
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The % value is determined from the condition

ar;

7 =0 (6
It is impossible to express the & value in explicit form from this condi-
tion. Therefore, equation (6) was solved numerically. In a general case

a solution of equation (6) can be written in the form
t=fim,

where f is a coefficient dependent on the ratio (np/ngp-1) . In experiments
each subsequent n value usually differed from the preceding by a factor
of three. In this case f = 1.05. Thus, the proposed procedure makes it
possible to determine the value of the true ice-forming activity on the
basis of the experimental dependence of %' on n. Since Z is determined
with a minimum number of ice crystals,. the depletion effect in this case
should exert no influence.

Now we will evaluate the error in determining the true ice-forming activ-
ity by this method. The error is attributable to the fact that with given
% in principle there is a finite probability of formation of the last

ice crystal, not with nj, but with any other n value (see Fig. 3b); it is
true that this probability is less. Each of these possibilities must make
a contribution to the error proportional to the deviation from the mean,
Alg 2', multiplied by the probability of realization of a given possibil-

ity Fi. The value of the error can be written in the form
lgi= = Igf T (Pioy -AIg¥ + Py -241gF . . .)
- —(PH..] -.\lgE‘+P,-+2-2 AlgE'. . .)

or more compactly

1 .
+ X Pa(i—k) s1g¥ (7
R=i-1

lg ¢=1g¥

— X P.(k—i)algy,

) k=i41 '

where Alg 2' is determined by the interval of change in n and is equal
to -lg nk/nk_l.

When obtaining the experimental dependence of S' on n each subsequent
n value differed from the preceding one by a factor of three, that is

Alg E' = "0'5"
In computing Py, and also the sums in (7), we took into account only the
first three~four terms, since all the subsequent terms were small. As a
result of the computations we obtained

gt =1g¥+03,

31
FOR OFFICIAL USFE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300020010-5



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300020010-5

FOR OFFICIAL USE ONLY

In addition, it is necessary to take into account the error in determin-
ing the number of particles in the sample, equal to 30%. With this taken

into account o .
lgt=Igt +.04.

Such an error value allows a scatter in 2values of the most by a factor
of 7, which agrees well with the experimentally observed scatter. We note
that the described procedure for determining the true ice-forming activity
was used only with §<<10'1. With large $ values it was impossible by de-
creasing n to attain an absence of ice crystals in the sample. In this
case the 2 value was determined from the plateau region in the dependence
of ' on n. The knee in the curve and formation of a plateau were attain-
ed with a large number of ice crystals (10-50 on a glass with an area of
60 m2), which is measured quite precisely. With small £ values the vapor
depletion effect is far stronger; no plateau region was reached in the de-
pendence of £ ' on n because the number of ice crystals corresponding to
the reaching of the plateau was less than 1 (see Fig. 3a). For this reason
the procedure described above was employed for determining 2.
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UDC 551.(509.313: 524)

RESULTS OF COMPUTATION OF DIURNAL TEMPERATURE VARIATION DURING
CLOUDLESS WEATHER

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 5, May 80 pp 30-36

[Article by M. Alautdinov, USSR Hydrometeorological Scientific Research
Center, submitted for publication 13 November 1979]

Abstract: The author presents the results of numer-
ical modeling of the diurnal variation of tempera-
ture in the free atmosphere, at the earth's sur-

. face and in the active soil layer on the basis
of solution of the two-dimensional problem of
deep convection in the atmosphere and the equa-
tions for heat conductivity in the soil.

[Text] A numerical modeling of the diurnal variation of temperature was
carried out for the purpose of perfecting an algorithm for computing
radiation heat influxes in a local weather forecasting model. This prob-
lem is a good test for checking a model in which there is simultaneous
allowance for the processes of comvective, turbulent and radiative heat
exchange. )

A great many studies have been devoted to the modeling of the diurnal var-
iation of meteorological elements; the first of these was carried out by
Dorodnitsyn [7]. The further development of investigations on the theory
of diurnal variation of meteorological elements is reflected in [3, 5, 6,
11, 12, 14, 15], in which the authors proposed more perfect methods for
taking turbulent exchange in the atmospheric boundary layer into account,
as well as moisture exchange between the atmosphere and the active soil
layer and computation of radiative heat exchange.

The processes of convective exchange in the entire thickness of the tropo-
sphere were not taken into account in the problem of diurnal variation of °
meteorological elements. However, under definite conditions the convective
currents substantially redistribute the cloud cover and humidity fields,
which exerts a considerable influence on radiative transfer in the atmo-
sphere and the diurnal variation of meteorological elements.
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In order to take into account directly the processes of convective exchange
in the problem of diurnal variation of meteorological elements, the authors
of [2] proposed a model by means of which it is possible to carry out com-
putations of mesoscale movements in the entire thickness of the troposphere,
thereby taking into account such important factors as the temporal redis-
tribution of cemperature, humidity and cloud liquid-water content. Due to
the fact that the physical model and the algorithm for its numerical solu-
tion were set forth in detail in [2], here we will mention only its prin-
cipal points.

A study was made of a plane layer of the atmosphere with a thickness H =
10 km and the active soil layer with a depth Hgoi1 = 1.2 m, for which the
equations of deep convection are solved numerically (in the layer from H
to the ground surface) and the thermal conductivity equation (from the
ground surface to Hgpil). The coefficient of vertical exchange kyer is
considered to be a known function of altitude and the coefficient of hori-
zontal exchange kpor is assumed to be constant and equal to the correspond-
ing kyey at each level. It is assumed that heat transfer in the soil oc~
curs only under the in%luence of molecular heat exchange and the heat ex-
change coefficient in the soil is constant.

The full variant of the model takes into account the processes of moisture
transfer in the atmosphere, but in the first stage of model adjustment it
was deemed desirable to carry out a series of numerical experiments

with a constant humidity field in an atmosphere at rest in order to be
able to analyze the patterns of the modeled temperature variation in the
simpler case of a cloudless atmosphere.

The initial system of equations of deep convection, with radiation heat in-
fluxes taken into account, is written in dimensionless form using the fol-

lowing scales: ~ AT\T?
H, AT, At= [H/(g-f')] ™
o . €D
%= KA, V=HAf, P=p,HYAE.
Here H is the thickness of the convective layer, T is mean temperature of

this layer, P g is density at the lower boundary, g is the acceleration of
free falling, AT is the temperature scale.

With (1) taken into account, the system of dimensionless equations assumes
the form

ﬂz;ii&4.£ﬂ+.ﬁ_(k_nﬂ),
dt s Oy s oy 0z \'s dz . 2)
et T T () @
Ll 26— 2
R R EE E
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Here v, w are the horizontal and vertical velocity components, T, P are
the temperature and pressure deviations from their statistical values T
and P, s = ,5(2)/)00 is a dimensionless parameter characterizing the
change in statistical density , with altitude, ‘}’a is the dry adiabatic

. temperature gradient, J T/Jz is the vertical gradient of background tem-

perature,

d o, 3 9
i T i e e

£p is the radiation heat influx, computed using the formula

- L1 iR
Ep—z—-

pcp, Oz

(6)

where ¢, is the specific heat capacity of air at a constant pressure, Ry
is the radiation balance, equal to the difference between the descending
and ascending radiation fluxes at each level.

Computations of the radiation fluxes and heat fluxes are made separately in
the visible (0'4'0'75}‘“")’ near-IR (IR) (0.76~4p4 m) and far-IR (> 4pum)
parts of the spectrum using the method proposed in [9, 10, 13]. The algo-
rithm for computing the radiation fluxes and heat influxes is set forth

in detail in [2]. ‘

System (2)-(5) is solved under the following initial conditions:

gl )
90, 4. 2)=q(2), - -

0 (0, §; 2)'=0(0, y, 2)=p"(0, g, 2) =0.. . ...
The conditions of periodicity of all the functions are applied at the lat-
eral boundaries

[(tr Yo Z) =,(tr yh” Z). (8)

At the upper boundary and at the earth's surface (Zp) the attachment con-
ditions are applied

v=w=0withz=Handz=Zo. 9)

The upper and lower boundary are assumed to be ideally conductive of heat:
. . T =0with z =H and z = Hyurf: (10)

At the earth's surface use is made of the temperature continuity and heat
flux conditions.

- For numerical solution of the system of equations (2)-(5) with the initial

and boundary conditions (7)-(10) use is made of a model with the introduc-
tion of artificial compressibility [16], used by many authors [4, 8] in
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solving the problems of a viscous incompressible fluid. The applicability
of this method for solving problems of deep convection was valldated in

[1].

The computations were made on a grid of 23 x 57 points of intersection in
the vertical and horizontal directions. Along the horizontal the dimen-
sional grid interval was constant and equal to 1 km. Along the vertical

the grid interval decreases from top to bottom in the lower kilometer lay-
er. The maximum grid interval in the free atmosphere is 1 km; the minimum
is 0.1 m (in the soil). The authors of [2] carried out diagnostic computa-
tions of the radiation fluxes in the long-wave part of the spectrum, which
were compared with measurement data. Comparison of the computed and actual -
radiation fluxes revealed their satisfactory correspondence.

After the "blocks" for computing radiation [2] and convective currents [1]
were adjusted, it was possible to carry out computations using the full
system of equations (2)~(5). When carrying out computations definite dif-
ficulties arose in a finite~difference representation of the radiation
heat fluxes at the earth's surface. Numerical experiments indicated that
the use of a rather rough computation model for computing the divergence
of radiation fluxes leads to a considerable error due to the fact that the
absorption of radiation occurs in relatively thin soil.layers and the ra-
diation heat influxes are very sensitive to the thickness of the absorp-
tion and radiation layers. An example of the sensitivity of the diurnal
variation of temperature to changes in the depth of the emitting layer

is given in Fig. 1, It is easy to note that in the field of extremal val-
ues the temperature differences at the earth's surface attain 4-5°C, and
at the 2-m level -~ 3-4°C.

As a result of a series of numerical experiments it was established that
there is a good correspondence between the actual and modeled tempera-
ture variation when the thickness of the emitting layer i1s 10 cm and the
thickness of the absorption layer for the visible and near-IR radiation
is 15 cm. Naturally, in nature the thickness of the effective absorbing

. layers varies in a broad range: from several meters for the vegetation
cover to millimeters for . an even dense surface and therefore the adopted
parameterization characterizes some averaged state of the underlying sur-
face. Thereafter all the computations were made with the above-mentioned
values of the absorption layers.

We carried out four numerical experiments with modeling of the diurnal var-
iation of temperature, each of which occupied the period 1-3 days. As was
indicated above, the computations were made in an atmosphere at rest with
a constant background specific humidity and therefore for computations

and cowparisons of the results of computations and observations we select-
ed cases of anticyclonic synoptic situations, that is, cases when cloud
cover was absent and there were no advective temperature changes at the
earth's surface.
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Fig. 1. Diurnal variation of temperature at underlying surface and at the
level 2 m. 1971. 1) hy =10 cm, 2) hy = 7.5 cm, 3) Agricultural Academy
imeni Timiryazev, 4) Moscow State University, 5) All-Union Exhibition of
Achievements in the National Economy '

For comparison of computations with observations we used data from radio-
sonde measurements of the atmosphere at Dolgoprudnaya station and observa-
tions at the level 2 m, at the surface and in the soil at the stations of
the All-Union Exhibition of Achievements in the National Economy, Moscow
State University and the Agricultural Academy imeni Timiryazev.

We analyzed curves of the diurnal variation of temperature at the 2-m lev-
el, at the underlying surface, in the soil and at the standard isobaric
surfaces in the free atmosphere. Naturally, in the course of computations,
in addition to temperature data, information was received on convective
currents, but here we will discuss only an analysis of the temperature
field because the characteristics of small-scale currents cannot be compar-
ed with actual data. It can only be noted that in all the selected cases
there was a stable stratification of the atmosphere in the lower kilo-
meter layer of the atmosphere, as a result of which the intensity of the
convective currents did not exceed 0.5 cm/sec and pressure fluctuations
did not exceed several tenths of a millibar.

An example of the diurnal variation of temperature at the earth's surface
is represented in Fig. la, where 1in addition to the results of the comput~
ations (solid curve) data are given for observations at three stations. It
is easy to note that the computed temperature agrees fairly well with the
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actual temperature. The deviations of the computed values from the actual
values are commensurable with deviations between observations at differ-
ent stations. For a mure complete quantitative evaluation we computed the
mean error in the computations relative to the curve constructed by averag-
ing the results of observations at three stations. At the hours of maximum
heating it is -0.8°C, whereas at the hours of maximum cooling it is -1.1°C.
Thus, the computed temperature is somewhat below the actual temperature. In
addition to the mean error we computed the standard deviations of the com-
putations and measurements at individual stations from the mean curve con-
structed by the method described above. The values of the standard devia-
tions O are given in the table. It can be seen from the data given in the
table that at the hours of maximum heating O for the computed temperature
is commensurable with O for individual stations. In the morning hours the

O for computations exceeds by a factor of approximately 2 the 0’ of observ-
ations. ’

Standard Deviations of Temperature from Mean Temperature Computed and Ob-
served at Individual Stations

: Axanemisn :
3 ;;(;2;:;5 ns. Tumupa- Mry BAHX Cpeanee Pacyer
1 ena , 3 4 5 6
7 TMousa 1 0,87 1,12 0,85 1,03 2,13
2 1,45 2,36 2,01 © 292 2,57
2 M 1 0,65 1,40 1,03 1,43 2,33
2 0,37 0,23 0,25 0,36 3,92

KEY:
1. Level and time
2. Academy imeni Timiryazev
3. Moscow State University

4. All-Union Exhibition of Achievements in the National Economy
5. Mean

6. Computed

7. Soil

Notes: 1) the mean square error at the hours of maximum cooling, 2) mean
square error at hours of maximum heating

The curves of the diurnal variation of temperature at the 2-m level are
given in Fig. 1b. It is easy to note that the computed temperature values
are systematically exaggerated during the daytime hours: the mean error at
midday is 2.9°C. At nighttime it decreases and is 0.5°C. The standard de-
viations, computed the same as for the earth's surface, are given in the
table. Particularly great deviations are observed at midday; they exceed
O by an order of magnitude for observations at individual stations. This
is evidently the result of a rather rough parameterization of turbulent
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exchange in the model. Plans call for the improvement of this block in
the future. : : ’ -

mbpmb

400

500

700F

250!

Fig. 2. Isopleths of deviations of computed temperature from actual temper-
ature (°C) in free atmosphere (Dolgoprudnaya station, 1971).

An example of deviations of actual temperature from the computed tempera-
ture in the free atmosphere is given in Fig. 2. on 29 May 1971 the results
of measurements revealed the existence of a diurnal variation of tempera-
ture, whereas on 30 May it was disrupted in the layer above 500 mb by the
advection of cold and therefore as a comparison. it is desirable to examine
only the left part of the figure. It can be concluded from the nature of
distribution of the deviations that the computed diurnal temperature wave
has a somewhat lesser amplitude than the actual wave, but the maximum de-
viations do not exceed 2°C. The mean characteristics of the deviations of
computed temperatures from the actual temperatures could not be determined
because the actual data include the effects of advection and it is dif-
ficult to exclude these with a sufficient degree of accuracy.

Analysis of the thermoisopleths and comparison of the results of computa-
tions with the actual temperature distribution in the upper meter soil layer
indicated that the propagation of the computed thermal wave in the soil co-
incides well in phase with the actual distribution. The greatest deviations
of computed temperature from the mean for three stations are observed in the
evening hours (about 2100 hours) at a depth of 10 cm, where they attain
+5.4°C. At the same time it must be noted that the maximum differences be-
tween measurements at individual stations and the mean value in this case
are +2.6°C, and the maximum differences between measurements at stations
attain 4.5°, Thus, the differences between the computed and actual tempera-
ture values at this level are approximately of the same order of magnitude
as the scatter between observations at different stationms, At a depth of 20
cm the differences between the computed and actual temperatures do not ex-
ceed 1.6°C. However, it should be noted that in the model there is a more
rapid accumulation of heat in the soil than under real conditions, which

is noted particularly clearly when making computations for several days.

In this connection it appears desirable to carry out a further improvement
in the algorithm for heat transfer in the soil,
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These numerical experiments make it possible to formulate the following
conclusions.

1. The formulated model in general satisfactorily reproduces the diurnal
variation of temperature under the conditions of a cloudless atmosphere.

2. The computed temperature is systematically higher at the 2 m level, as
a result of which it is necessary to improve the processes of parameteriza-
tion of turbulent exchange processes in the atmospheric surface layer.

In the future plans call for carrying out a series of numerical experiments
taking into account the processes of moisture transfer and cloud formation
in the atmosphere.

In conclusion I express sincere appreciation to N. F. Vel 'tishchev, who
gave great assistance in the writing of this article.
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UDC 551 (588.7+524.32)(470.311)
INFLUENCE OF A LARGE CITY ON AIR TEMPERATURE
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 5, May 80 pp 37-41

[Article by Professor V. N, Parshin, USSR Hydrometeorological Scientific
Research Center, submitted for publication 14 December 1979]

Abstract: In the example of Moscow.the author
demonstrates the influence of a large city as
it develops and as thermal effluent increases
on the mean annual air temperature. The ar-
ticle also examines the problem of reducing
air temperature data to a uniform series,
reduced to the conditions of present-day
Moscow. Recommendations are given on deter-
mining the different probability of mean an-
nual air temperature.

[Text] A large city unquestionably increases the ambient temperature and
this occurs primarily due to the thermal effluent of industrial enter-
prises, operation of vehicles, thermal communications, heating of build-
ings and asphalt pavements under the influence of direct solar radiation.
However, a quantitative evaluation of this phenomenon has not been made.
We will attempt to clarify this problem in the example of Moscow, in par-
ticular, for mean annual air temperature. The problem was solved by a
comparison of long-term data for the meteorological station- of the TSKhA
(Agricultural Academy imeni Timiryazev) in Moscow and data for the meteor-
ological stations Mozhaysk, Klin, Serpukhov and Cherusti, situated around
Moscow in a distance of 100-150 km (Fig. 1). Air temperature observations
at the TSKhA meteorological station have been made for the last 100 years
and at the mentioned meteorological stations around Moscow -- during the
last 45-50 years. Within the city, in addition to the TSKhA control
meteorological station, there are three other meteorological stations sit-
uvated in different parts of the city: at the All-Union Exhibition of
Achievements in the National Economy, at Moscow State University and at
the center of the city in the neighborhood of Balchug. The period of ob-
servations at these stations is 25-30 years. The mean annual air tempera-
tures at the meteorological stations at the TSKhA, the All-Union Exhib-
ition of Achievements in the National Economy and Moscow State University
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are completely identical, but at Balchug meteorological station the tem-
perature is somewhat higher than at the remaining three stations. This

is attributable to the fact that Balchug meteorclogical station is situ-
ated in the lmmediate neighborhood of the thermal electric power station
and the canal into which the thermal power station discharges warm water,
which does not freeze even when temperatures are considerably below zero.
Therefore, Balchug meteorological station in general is not representa-
tive for the city, but reflects only the microclimate of the particular
small region. Thus, the TSKhA meteorological station with a 100-year ser-
ies of observations in actuality can be adopted for characterizing the
mean annual air temperatures for the city as a whole. A comparison of

the mean annual air temperatures for five-year periods for the joint per-
iod of observations for the TSKhA meteorological station and the meteor-
ological stations situated around Moscow at a distance 100-150 km is given
in Table 1. The air temperature for the meteorological stations around

Moscow is given as averaged for the four stations.
Table 1

Mean Annual Air Temperature (°C)
for Five-Year Periods

2 |Moxaiick,

o | Kans, =

MNaruaerns | -2 Cepnyxos,| 3
1. ] & |Yepycrnt a

= |(cpenuss)| o
3 2

-1926—1930 | 3,5 34 0,1
19311935 | 4,3 4,1 0,2
1936—1940 | 5,0 48 0,2
1941—1945 | 3,4 3.2 0,2
1946—1950 | 4,6 43 0,3
19511955 | 4,3 4,0 0,3
1956—1960 | 4,6 4,1 0,5
19611965 | 4,7 4,1 0,6
1966—1970 { 4,6 3.9 0,7
197i—1975 | 3,8 5.0 0,8
1976—1578 | 1,0 3.1 0.9

Fig. 1. Diagrammatic map of Moskovsk- KEY:

aya Oblast. 1) Five-year periods

2) Moscow

3) Mozhaysk, Klin, Serpukhov,
Cherusti (mean)

4) pifference

Table 1 shows that the excess of mean annual temperature in Moscow over the
surrounding stations is continuously increasing and during recent years has
attained 0.8-0.9°C. This is a result of intensive development of opera-
tions in the capital, the increase in transport, volume of production and
populaticn. For example, in Moscow from 1913 through the present time the
volume of production has increased by a factor of 215 and the population
has increased from 1.6 million to 7.9 million [2].
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Fig. 2. Excess of mean annual air temperature at Moscow in comparison with
data for meteorological stations at a distance of 100-150 km.

- Table 2

Values of Corrections (°C) to Observed Mean Annual Air Temperatures at
Moscow for Reduction of Data to Conditions of Modern City

Monpas- o Ionpag-
) l'lm‘smcﬂml ka 5 1p, nﬂT“"v"‘f xa B Ip.

1881—1885 0,90 1931—19351 0,70
1886—1890 0.90 1936—1940 | 0,70
1891-—1895 0,85 1941—1945 | 0,65
1896—1900 0,85 1946—1950 | 0,60
1901—1905 0,85 1951—19551 0,50
1906—1910 0,80 1956—1960 | 0,40
1911—1915 0,80 1961—1965 | 0,30
1916—1920 0,75 1966—1970 [ 0,20
1921—1925 0,75 19711975 | 0,10
1926—1930 075 1976—1978 | 0,00

KEY:
1. Five-year periods
2. Group correction

Table 3

Long~Term Characteristics of Mean Annual Air Temperature for Modern Moscow

Maxi- Guaranteed probability, % Mini-
mum in 2 5 10 25 50 75 90 95 98 mum in
100 N 100
years years
6.9 6.8 6.2 6.1 5.3 4.6 4.0 3.4 3.0 2.7 2.4
1938 1941

Thus, we confirmed that the influence of a large city on the temperature of
its ambient air is extremely significant. Now the question arises: how is
it possible to characterize the norm of mean annual air temperature at
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Moscow, the anomalousness and frequency of recurrence of temperature
over a long-term period? Indeed, for this it is necessary to have a
long-term period of observations for a modern city, and this is unavail-
able. The 100-year period of observations contains nonuniform data due
to the different influence of the city as it developed. We carried out
the reduction of long-term observational data on air temperature at Mos-—
cow to a uniform series using the curve represented in Fig. 2, which was
constructed using the data in Table 1. This curve shows the excess of
mean annual air temperature at Moscow in comparison with the stations
surrounding it in a chronological sequence. The lower part of the curve
has been extrapolated to the zero value, that is, it is evident that 100

years ago there were no differences in air temperatures at Moscow and
at the stations surrounding it.

1

1 il 1 I 1 I
7910 1920 1930 1340
1865 1635 1905 1505 1925 1935 1945 1555 1965 1905

1 I

2 . U L 1 Il 1 1 ] It
1880 1630 1300 1950 7960 1370 1973

Fig. 3. Variation of mean annual air temperature at Moscow (the data are
reduced to the conditions of the modern city).
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775830 030 1800 1910 1520 1930 1949 1950 1950 1570 1978
885 1635 1905 1905 19a5 1935 18%5 1955 1965 1905

Fig. 4. Variation of the integral value of deviations of mean annual air
temperature at Moscow from the norm (the data are reduced to the conditionms
of the modern city).
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The reduction of observations of air temperature at Moscow to the condi-
tions of the modern city and thus obtaining a comparable series of ob-
servations was accomplished in the following form:

T=1+(09—A1),

where T is the mean annual air temperature, reduced to the conditions of
modern Moscow; t is the observed mean annual air temperature; (0.9 -At)
is the correction for the observed temperature as a result of the influ-
ence of the city, for which At is determined from the graph in Fig. 2.

The value of the corrections for five~-year periods are given in Table 2.

After the 100-year series of observations for Moscow was reduced to con-
ditions of the modern city it was possible to determine the mean long-term
value and the values of different frequency of recurrence of the mean
annual air temperature, which are given in Table 3.

The norm of the mean annual air temperature for a 100-year series of ob-
servations, reduced to the conditions of present-day Moscow, is 4.6°C.
If we simply take the mean value and the 100-year series of observations,
it is 4.0°C, and the maximum and minimum values are 6.7°C in 1975 and
1.7°C in 1888 respectively.

Now, when a matched series of observations has been obtained, it is pos-
sible to analyze the variation of the mean annual air temperature in Mos-
cow in a chronological series. The variation in mean annual temperature
for the 100-year observation period is given in Fig. 3, from which it can
be seen that during the first 50 years the temperature was somewhat lower
than during the subsequent 50 years and the amplitude of ailr temperature
in the second part of the period increased considerably. In order to rep—
resent these characteristics more graphically, in Fig. 4 we have shown the
variation of the integral value of the deviations from the norm. The fig-
ure rather clearly shows two periods —- cold until 1932 and warm since
1932. During the cold period the sum of the deviations from the norm was
~15.4°C, that is, on the average during these 53 years the mean annual
temperature was below the norm by approximately 0.3°C. During the warm
period from 1933 through 1978 the total deviation of the mean annual tem-
perature from the norm was +18.8°C or as an average for the 47 years the
temperature was above the norm by approximately 0.4°C. If the mean temper-
ature is computed for the mentioned cold and warm periods it will be 4.3°
and 5.1°C respectively and the mean for 100 years, as already noted, will
be 4.6°C.

It is difficult to say what the variation of the mean annual temperature in
Moscow will be in the future. It can only be noted that the last three
years (1976-1978) were relatively cold. It is also difficult to say with

assurance whether this is the beginning of a replacement of a warm period
by a cold period. Accordingly, it is impossible to agree with the recently
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appearing recommendations on determining the air temperature norm on the
basis of data for the last 30-40 years. We will assume that the tempera-
ture norm and the long-term air temperature characteristics must be deter-—
mined on the basis of the entire long-term series of observations of not
less than 80-100 years, but for large cities it is necessary to introduce
a corresponding correction, as was done, for example, in this article.

It must also be noted that with different kinds of computations and conclu-
sions concerning the change in climate use is made for the most part of

long series of observations of air temperature such as are available, pri-~
marily, for meteorological stations situated in the large cities. And here
it is particularly important to take into account the influence of a large
city on air temperature, particularly since the warmings or coolings of cli-
ate in different regions or at a global scale cited in the literature only
amount to tenths of a degree.

The second peculiarity of the temperature variation with time, as we have
already noted, is its great variability in the second half of the hundred-
year observation period, as is confirmed by the standard deviations (O’).
Whereas for the period 1879-1931 ¢ = 0.8°C, for the period 1932-1978 o =
1.2°c.

Above we have discussed the mean annual air temperature. Similarly we ex-
amined data on the mean air temperature during the cold and warm periods,
during the coldest month -- January and the hottest month —- July. In all
cases the conclusions drawn were the same as for the mean annual tempera-
ture. This is completely understandable because the influence of a large
city on air temperature is constant and is not dependent on season of

- the year. The only difference is the heating of buildings during the cold
season, which during the warm period is evidently compensated by the
stronger influence of heating of the surface of the buildings and as-
phalt pavements by direct solar radiation. Thus, the corrections cited in
Table 2 for Moscow can be used for the purpose of reducing the series of
observations to the conditions of modern Moscow and obtaining the long-term
characteristics and the values of different frequency of recurrence for
mean air temperatures from a month to a year.

In conclusion we will express the established effect of the city on air
temperature by the quantity of thermal energy. The computations made be-
low have an approximate character and make no pretense at a high accuracy
and are intended only to show the order of magnitude. The territory of
the city is now 878.6 km? [2]. We will assume the air layer to be equal
to the boundary layer of the atmosphere, that is, 1 km; we will assume
that at the upper boundary of this layer the influence of the city on
air temperature disappears and at the ground it is equal to 0.9°C. Pro-
ceeding on this basis and assuming the corresponding density and heat cap-
acity values for air we find that for heating the indicated air volume
over the city it is necessary to have 3.94-1014 J. Since we are operating
wigh the mean diurnal air temperatures, the thermal energy will be 4.6-
10° Mw.
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It is interesting to compare these data with the results of computations
of the production of thermal energy made by American scientists [1]. Ac-
cording to data published by Lees, in the Los Angeles region the produc-
tion of thermal energy, scaled to an area of 1,000 kmz, is about 7-103 MW.

Thus, the results of our computations and those of American scientists
have an identical order of magnitude. For a real idea concerning the de-
- termined values we note that the power of the Volga Hydroelectric Power
Station imeni Lenin is 2.3-103 MW.
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CONDITIONS FOR THE FORMATION AND FALLING OF ABUNDANT SHOWER PRECIPITATION
IN EASTERN TRANSCAUCASIA .

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 5, May 80 pp 42-48

[Article by Candidate of Geographical Sciences M. A. Dzhabbarov, Geography
Institute Azerbaydzhan Academy of Sciences, submitted for publication 27
August 1979]

Abstract: The article discusses the characteristics
of the territorial distribution of intensive abun-
dant shower precipitation in the Azerbaydzhan SSR.
For the first time the author has computed the mean
daily quantity of precipitation by gradations, the
mean of the maximum intensities of shower precipi-
tation and the duration of these showers for char-
acteristic stations. Regionalization was carried
out with respect to the maximum intensity of shower
precipitation. It was possible to determine the
structures of high-altitude and surface pressure
fields and the quantitative indices of meteorolog-
ical elements causing the falling of abundant show-
er precipitation.

[Text] In individual regions of Transcaucasia it is common for heavy shower
precipitation to fall, causing strong mudflows in river basins, causing
considerable material loss to agriculture and population. Despite indi-
vidual investigations of such showers [1-4], the meteorological condi-
tions for their falling in general in the territory of the Azerbaydzhan
SSR have not been adequately studied. For investigating this we selected
those cases when the diurnal quantity of precipitation was 2 70 mm with

an intensity of showers > 1.5~2.0 mm/min. During the period 1950-1977 we
selected 109 cases of abundant precipitation in accordance with the adopt-
ed criteria. i

We note that despite the lesser territory, the range of annual sums of pre-

_cipitation is rather great and is characterized by a great nonuniformity in

distribution. These mean annual sums vary from values less than 200 mm to
1,700 mm or more. The greatest annual precipitation (1,300-1,800 mm) 1s
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noted on the southern slope of the Greater Caucasus (Alibek -- 1,394 mm)
and in the foothill areas of the Talysh (Bursulum -- 1,838 mm). In the
Lesser Caucasus, in the Nakhichevanskaya ASSR, the annual precipitation
does not exceed 800-1,000 m, and in the Kuro-Araksinskaya Lowland decreases
to 200-300 mm. The zone of maximum precipitation is at an elevation 2,800-
3,000 m (at Talysh -- 800-1,200 m). In the annual variation the maximum
falls in May-June and September-October, and the minimum in January and
August. Sixty-seventy percent of the annual precipitation in the invest-
igated region falls from April through September and has a shower character.
The diurnal quantity of precipitation during the considered period often

i1s maximum on the southern slopes of the Greater Caucasus (4-14 cases)

and in the Talysh region (3-9 cases); it is relatively less in the Lesser
Caucasus (2-3 cases). In lowland regions the diurnal precipitation sums
rarely exceed 80~90 mm, whereas in the mountains they frequently attain
200-350 mm (Alibek -- 188 mm, Bilyasar -- 334 mm).
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Fig. 1. Map of regions of maximum intensity of shower precipitation. 1)
6-11 mm/min, 2) 4-6 mm/min, 3) 2-4 mm/min, 4) 0.5~2 mm/min.

The mean daily quantity of such precipitation, for the first time computed
by the author for different stations in Eastern Transcaucasia, is given in
Table 1. It follows from this table that abundant precipitation during in-
dividual years with a gradation 70-100 mm/day falls in all mountain re-
gions of the Azerbaydzhan SSR, and with a gradation 131-160 mm/day or

zore ~- only on the southern slopes of the Greater Caucasus and the
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foothills of the Talysh Mountains. An example is the abundant precipita-
tion observed on 16 September 1962 at Talysh, on 8 June 1963 in all moun—
tain regions, on 16 August 1955, on 19 August 1964, 16 July 1973 on the
southern slope of the Greater Caucasus, etc. In individual regions of the
republic the maximum intensity of showers varies in a wide range. For ex-
ample, the maximum intensity of showers (Table 2) on the southern slope
of the Greater Caucasus (Alibek -- 10.7 mm/min), in the Lesser Caucasus
(Lachin — 9.4 mm/min) and in the Talysh (Bursulum -- 5.1 mm/min) attains
4-11 m/min, whereas in adjacent regions of the Armenian SSR (Kirovsk --
5.5 m/min) and the Dagestanskaya ASSR (Khalavyurt -- 2.2 mm/min) it does
not exceed 3.5-5.5 mm/min.

A high intensity of showers (1.5-2.0 mm/min) is observed in the Priaraks-
inskaya Lowland of the Nakhichevanskaya ASSR. On the northeastern slope
of the Greater Caucasus it is 2.5-3.5 mm/min and is noted over mountaln-
ous sectors, which is important to take into account when preparing a
weather forecast. In the lowland and foothill regions of the republic it
is 0.9-2.5 mm/min (Fig. 1).

In the Azerbaydzhan SSR the mean maximum shower intensities, computed for
the first time, vary in the range from 0.5 to 4.5 mm/min. The highest inten~
sity of showers is on the southern slopes of the Greater Caucasus (9-11 mm/ -
min) is observed at an elevation of 1,800-2,300 m, on the northeastern
slopes (2-3.5 mm/min) -- at elevations 400-700 m and 1,900-2,000 m, on the
northern slopes of the Lesser Caucasus (4-9.5 mm/min) -- at an elevation
1,000-1,700 m, in the Talysh (2-5 mm/min) -- at an elevation of 700-1,200 m,
and in the Nakhichevanskaya ASSR (1.5-2.0 mm/min) -- elevations 800-900 and
1,500-1,700 m.

Showers with .a mean intensity 3-5 mm/min or more are usually not very pro-
longed —- a maximum of 30-60 min, but most frequently 5-15 minutes, after
which their intensity decreases to 0.5-1.5 mm/min (Table 3).

An analysis of radicsonde observations in the regions Mashtagi, Lenkoran'
and Thilisi during the years 1950-1977 were determined using the quanti-
tative criteria of the principal meteorological elements. It was found
that in all cases of the falling of heavy abundant precipitation in the
Azerbaydzhan SSR (> 70 mm/day) the air temperature over Transcaucasia is
18-24°C at the earth's surface. It varies insignificantly to an altitude
of 1,000-1,200 m, aloft it decreases sharply to 8-15°C at 1,500-2,500 m
and to -5, -15°C at3,500-5,500 m. In general, the penetration of cold air
from the north and northwest in the territory of the Azerbaydzhan SSR
leads to a decrease in air tempe .ture in 1-1.5 days on the average by.
8-12°C, and sometimes by 10-14°C. Relative air humidity on a day of abun-
dant precipitation is 80-90% at the earth's surface, 60-85% at 1,400-1,600
m and 75-87% at 3,000-3,500 m, that is, there is a quite high relative’
humidity in the entire layer of the troposphere. In particular, over the
Talysh an increase in relative humidity by 12-15% is observed at 2,000~
2,500 m in comparison with the lower layer. The mean specific humidity
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values in the lower troposphere on a day with precipitation vary in the
range from 8.5 to 12.9 g/kg and gradually decreasing, constitute 2.0-4.7
g/kg in the middle layers [5]. Frontal precipitation falls with a specific
humidity > 7 g/kg and a vertical gradient 2 0.6°C/100 m [8]. With the in-
trusion of cold air from the west, across the Black Sea, the relative and
specific humidities are always high and showers are intensive (especially
in the mountains on the southern slope of the Greater Caucasus).

Table 1
Mean Daily and Maximum Quantity of Abundant (more than 70 mm) Precipitation
mm/day
4 Tpanaunn, ssjeyr
Cranuus Maxcnmym | Cpenmee
- 1 2 3 70—100 {101—130 {131—160| >160
g KaGu3napa 176,5 99,9 79,9 123,3 143,6 176,5
3axarann 172,7 98,4 84,0 115,5 — 166,6
7 AanGex 198.2 138,5 83,2 114,4 136,3 188,2
S Bypcionyx . 3342 153,7 80,4 1159 1459 | 1946
Buascap 353,9 108,8 84,3 112} 155,1 269,4
10 Jlepmx 263,2 1307 | 74 1156 | 1544 | 26392
11 Kax-Myrana 147,0 93,6 80,0 — 138,7 -
12 KyTtkawer 129,0 78,2 76,2 104,6 - —_
13 Banpau 105,7 866 | 81,5 105,7 - -
KEY:
1. Station 8. Bursyulum
_ 2. Maximum 9. Bilyasar
3. Mean 10. Lerik
4. Gradations, mm/day 11. Kakh-Mugal
- 5. Kabyzdara 12. Kutkashen
6. Zakataly 13. Vandam
7. Alibek

In the overwhelming number of cases on days with abundant precipitation
the winds at 2.5-3 km in Transcaucasia are replaced by southwesterly and
westerly winds (75-85%), below which there is a predominance of northerly
and northwesterly. Over the Talysh, with winds of easterly and northeast-
erly direction, at 1.5-3.0 the relative humidity attains 100% and the
quantity of precipitation during the day exceeds 100 mm. This is attrib-
utable to the closeness of the Caspian Sea, which enriches the air masses
passing over its surface by water vapor, and the presence of the Talysh
Mountains, which favor the abundant falling of precipitation. With the
penetration of cold air into the Azerbaydzhan SSR the winds in the surface
layer, under the influence of local orography, occupy southerly and south-
westerly directions or ‘the southern slopes of the Greater Caucasus, north-
casterly and easterly in the Lesser Caucasus and Talysh. In the Kura-Arak-
singkaya Lowland the winds for the most part 'have southeasterly, easterly
and northwesterly directions.
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Table 2
Intensity of Shower Precipitation, mm/min
Station ‘ Elevation, Maximum Mean of abso-
m lute maxima

Alibek 1750 10.7 4.46
Zakataly 487 3.4 2.88
Damarchik 1170 6.5 3.59
Akhchay 1000 6.8 0.07

- Kutkashen 679 6.0 3.35
Kuba 550 2.4 2.24
Kyryz 2070 3.2 2.78
Khynalyk 2048 0.8 0.57
Akstafa 331 0.4 0.32
Kirovabad 312 4.4 2.80
Aterk 1043 4.0 2.36
Istisu 2294 4.0 3.01
Lachin 1151 9.4 3.08
Dashkesan 1655 3.7 2,23
Geygel, shamkh. 2475 1.0 0.43
Geokchay 107 3.8 2.08
Mashtagi 27 2.5 1.78
Lenkoran' 20 5.0 3.58
Bursulum ‘ 778 5.1 3.86
Nakhichevan' 975 2.1 1.97
Paragachay 2300 0.5 0.37
Shakhbuz 1199 0.5 0.41

It is important to note that during abundant shower precipitation over the
Talysh, judging from radiosonde data, above 2.0-2.5 km there is a predom-
inance of strong southwesterly and westerly winds and the propagation of
cold northeasterly winds into the depths of the region is restricted by the
elevations of the mountain range. Accordingly, the forced rising of moist

: shower clouds occurs in the foothill zone of the Talysh, where abundant
precipitation falls, and not over the high mountains, both in the Greater
and in the Lesser Caucasus. In regions situated at a higher level, the
quantity and intensity of precipitation sharply decrease. In general, 1-1.5
days prior to the falling of abundant shower precipitation the mean temper-—
ature aloft is several degrees higher and there are winds of a southwest-
erly and westerly direction. A shifting of the prevailing wind direction
by 180° and a marked decrease in air temperature occurs 10-12 hours Prior to
the formation of heavy shower clouds.

An analysis of the pressure pattern charts indicated that abundant shower
precipitation arises when there are meridional transformations of the

thermopressure field in the troposphere, when a trough or a cyclone with
cold centers are formed over the Black Sea and Asia Minor aloft (Fig. 2).
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Table 3
Intensity of Special Cases of Showers in Different Regions, mm/min
Maxen, 3 Ipoaoasureannocts, sun
Nata HHTEHCHB-
1| hHoers 2 B 10 15 20 30 40
4 Crenanaxepr — 827 &
SVII955 | 343 | 325 | 239 | 1,75 | 1,36 | 093 0,71
5 Ulyia — 1358 &
BVE1936 | 400 | 1,83 | 123 | 130 | 13 | 070 0,58
6 Ky6a — 550 x
18 V 1935 | 210 | 168 | 135 | 1,09 | 098 | -~ -
7 Jlenkopaunb— 12 &
161X1942 | 218 | 200 | 200 | 200 | 18 | 173 1,80
8 AmGek — 1750 x
16—17 V11 , i l \
- 1959 10,7 4,10 3,37 I 2,84' ’ 2,16 1,50 1,17
9 3akarans — 487 & . '
T-8 VIL 1951 | 480 | 381 | 220 | 1,77 | 158 | 133 1,12
10 Jamapyuk — 1170 x
30VI19s3 | 650 | 262 | 202 | 1,60 | 1,2 | 085 -
11 Kytkauen — 679 &
181X 1957 | 340 | 1,8 | 202 | 178 | L51 | 106 090
' 12 Benokanu — 410 u )
30 1X 1968 | 620 | 164 | 095 | 060 | 050 | — —
KEY:
1. Date .
2. Maximum intensity-
3. Duration, minutes
4. Stepanakert
5. Shusha
6. Kuba
7. Lenkoran'
8. Alibek
9. Zakataly
10. Damarchik
11. Kutkashen
12. Belokany
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Powerful advection of cold in the Asia Minor region favors an intensific-
ation of the high-altitude frontal zone and the development of a cyclone
here, with its subsequent movement in the direction of the Caucasus. At
this time over central and western Europe there is a well-developed high
ridge with surface high-pressure centers over the Baltic Sea region and
the European USSR. There is powerful heat advection in the west and at the
center of Europe. The axis of the high-altitude frontal zone passes
through Moscow, Bucharest and Athens and bends toward Transcaucasia. Thus,
‘as a result of meridional transformation of the thermopressure field and
circulation over Europe, the eastern part of the Mediterranean Sea and
Asia Minor there is a meeting of cold northwesterly and warm southwest-
erly air masses, a surface cyclone develops and shower precipitation forms
in Transcaucasia.

=
]

high
H = low

Fig. 2. Thermopressure field in the middle troposphere prior to penetration
of cold air into Eastern Transcaucasia and the falling of shower precipita-
tion.

In an analysis of the meteorological and aerosynoptic materials it was es-
tablished that over the studied territory in the overwhelming majority of
cases (92%) the falling of abundant shower precipitation was associated
with the passage of cold fronts. In the case of movement of precipitation-
forming processes from the west across the Black Sea and Georgia abundant
shower precipitation occurs more frequently in the western regions of the
Azerbaydzhan SSR (45%), whereas with their passage from the east, across
the Caspian Sea, they are frequent in the eastern regions of the republic
(28%). With the simultaneous penetration of cold air from the two direc—
tions (18%) precipitation falls everywhere (Fig. 3).

Analyses of the materials show that with movement of cold fronts across the
Kura-Araksinskaya Lowland there is an intensive upward forcing of the pre-
frontal moist warm air along the slopes of the surrounding Greater and
Lesser Caucasus. Numerous lateral ranges somewhat slow the movement of

56

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300020010-5



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300020010-5

FOR OFFICIAL USE ONLY

the surface front and cold air behind the front is propagated aloft. Indi-
vidual branches of the cold front, bending around the mountain ranges, are
directed upward along the river valleys, causing a sharp decrease in air
temperature with local elevation. This results in creation of favorable
conditions for forming of thick cumulonimbus clouds and the falling of
intense abundant shower precipitation. It falls for the most part when
there is a great instability and high moisture content of the air masses in
the frontal zone and when orographic factors are operative.

Fig. 3. Surface synoptic situation with the penetration of cold air into
the Eastern Caucasus and the falling of abundant shower precipitation.

In addition to cold intrusions, intensive shower precipitation also falls
with the arrival of southerly cyclones (7%). Southerly cyclones, usually
arising over the eastern part of the Mediterranean Sea, move eastward across
Asia Minor to the south of the Caspian. In such cases there is a rear in-
trusion (for the most part from the east) of cold air into the investi-
gated region with the falling of heavy shower precipitation, the daily
quantity of which does not exceed 80-90 mm, and the intensity is 1.5-2.5
mm/min or more. Less frequently shower precipitation falls with the de-
velopment of local (air-mass) atmospheric processes (2%), also associated
with meridional synoptic processes.

Thus, under the conditions prevailing in the Azerbaydzhan SSR heavy showers
usually fall with the intrusion of cold air masses behind cold fronts with
a more meridional transformed pressure field. The forming of a high-alti-
tude trough or the individual center of a cyclone with cold foci over

Asia Miror, a great Instability and high moisture content of the air

masses in the frontal zone are important factors for the falling of in-
tensive shower precipitation. An important role is also played by the com-
plex orography of terrain in the republic, exerting a mechanical effect on
the dynamics of circulation processes and on the development of powerful
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vertical flows over the mountainous part of the basins of individual riv-
ers. The Black Sea and the Caspian Sea play a leading role in the moisten-
ing of air and the falling of precipitation.
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UDC 551.(510.7:515.12)(263)

DISTRIBUTION OF SOME MINOR IMPURITIES IN THE TROPICAL ZONE OF THE
ATLANTIC OCEAN

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 5, May 80 pp 49-53

[Article by V. V. Belevich and V. I. Medinets, Odessa Division of the State
Oceanographic Institute, submitted for publication 21 September 1979]

= Abstract: A study was made of the latitudinal dis-
tribution of radon, aerosol, water vapor, aerosol
and direct solar radiation reaching the ocean sur-
face, determined on the basis of data from the 27th
expeditionary voyage of the scientific-research
weather ship "Musson" in the spring of 1978. It
was established that the principal factors deter-
mining the distribution of the investigated char-
acteristics of the near-water layer of the atmo-
sphere in the tropical Atlantic were the Northeast
Trades and the ICZ. Tn the Trades zone the attenu-
ation of direct solar radiation by aerosol can ex-
ceed by a factor of four its attenuation by water
vapor. A close correlation is established between the
aerosol content in the near-water layer of the atmo-~
sphere and aerosol attenuation of direct solar radi-
ation in the region of the Northeast Trades.

- [Text] The influence of aerosol on the optical characteristics of the atmo-
sphere, and accordingly on the receipts of solar heat at the surface,in
general has been established, although the quantitative values of these
correlations have not yet been adequately investigated over the ocean due
to the excessively small number of observations. The most complete gener-
alization of the studies examining the influence of aerosol on the re-
celpts of solar radiation at the ocean surface has been made at the Main
Geophysical Observatory using data from the "TROPEKS-72" and GATE expedi-

- tions [2, 3]. A further study of the quantitative dependences of incoming

- solar radiation on aerosol is of unquestionable interest and therefore-
we will examine some aspects of this problem in the example of the expedi-
tion on the 27th voyage of the scientific-research weather ship "Musson"
in the spring of 1978. On this voyage two meri@ionallprofiles were run:

59

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300020010-5



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300020010-5

FOR OFFICIAL USE ONLY

along 30-25.5°W (from 35°N to 5°S) and along 23.5°W (from 5°S to 27°N).
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Fig. 1. Distribution of aerosol (1), radon (2) and absorbed radiation (3),
and attenuation of direct solar radiation by aerosols (4) and water vapor
(5). a) on profile along 30°W (35-5°N) and 25.5°W (5°N~5°S); b) on profile
along 23.5° (5°S-27°N).

KEY:
1. cal/(cmz-min) S. N
2. pg/m3 6. 8
3. curie/m3 7. 1C2Z

4, cal/ (cmz-day)

It is known from the data in the literature that in the Trades region of
the Atlantic there is an increased aerosol concentration, especlally sig-
nificant in the latitude zone 10-22°N [2-4, 7], related to the transport
of sand dust from the African continent. It has been established by in-
vestigations of recent years that a considerable -quantity of aerosol of
continental origin is also observed at the equator {1, 4, 5].

In order to clarify the influénce of aerosol on some atmospheric charac-
teristics on the described voyage on the mentioned meridional profiles

specialiccs made measurements of the welght concentration of aerosol (in-
organic dust) in the near-water layer (four times a day, exposure time --
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6 hours) and direct solar radiation and carried out continuous registry
of natural radioactivity, and also total and reflected solar radiation.

The sampling of atmospheric aerosol was with a filter-ventilation appar-
atus using FPP-15-1.5 filter fabric. Using the known weight of the filter
after reduction to ash and the volume of the investigated air it was pos-
sible to ascertain the weight concentration of aerosol.

The radon content in the near-water air layer was determined using an ap-
paratus for the continuous registry of natural radioactivity, described in
[6]. Data on its distribution, together with the results of standard
meteorological observations and cloud cover photographs from a satellite,
were used in identifying the boundaries of the ICZ.

Direct solar radiation was measured hourly with a clear sky near the sun
by means of an actinometer and the total and reflected radiatiom, deter-
mined with a pyranometer and albedometer respectively, were registered on
the tape of an automatic electronic potentiometer of the KSP-4 type. The
absorbed radiation was found as the difference between the total and re-
flected radiation.

The attenuation of direct solar radiation by aerosol, with reduction to
an atmospheric optical mass m = 2, was computed using the formula [4]

A=l 1A, @)

where I is direct solar radiation less molecular attenuation in an atmo-
sphere with m = 2 (assumed equal to 1.6 cal/(cmz-min) [4]), I is the meas-
ured intensity of solar radiation, reduced to m = 2 and the mean distance
between the earth and sun, received on a perpendicular surface (cal/ (cmz'
min)), AIn is the absorption of direct solar radiation by water vapor, re-
lated to the content of the latter in a vertical column of the atmosphere
by the approximate MacDonald dependence [4, 9], satisfying the accuracy
of the computations made, . o -
— 0,3
al,=0,149 (2 w)°. 2

The w parameter, expressed in g/cmz, was computed using aerological sound-
ing data for 0930 GMT for a vertical column of the atmosphere 10 km [10].

The spatial-temporal distribution of the investigated characteristics is
illustrated in the figure.

In April 1979 the weather conditions in the tropical Atlantic were deter~
mired by the subtropical highs. There was an intensification or weakening
of the Northeast Trades and a change in the wind regime in the work area
in dependence on the position of the Azores High. On 10 April (24°N) the
ship entered the zone of the Northeast Trades. During the period 17-23
April the scientific-research weather ship '"Musson" was situated in the
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equatorial pressure trough; on the first and last days of the mentioned
period it intersected the ICZ. During the run along 25.5°W the ICZ was
situated between 1.5 and 0.5°N and was well developed. During movement

of the ship northward along 23.5°W the ICZ was blurred and was traced be-
tveen 2 and 4°N, that is, it occupied a more northerly position than dur-
ing movement toward the south.

When running the profile along 30-25.5°W the content of radon and aerosol
gradually increased from 2.0:10712 curie/m3 and 12 y.g/m3 (20°N) to 10-10712
curie/m3 and 105 w g/rn3 (3°N) respectively. A marked decrease in the con-—
centration of radon and aerosol was observed between 2 and 1°N (17 April).
This was probably caused by a change in the direction of transport of air
masses (wind shear at an altitude of 2-3 km [5] from northeast to south-
east), and also an increased purification of the near-water air layer by
the shower precipitation and cloud cover observed in the ICZ, being re-
sponsible for the loss of aerosol in the lower layers of the atmosphere
[1173.

As indicated by an analysis of the experimental data (see figure), to the
south of the ICZ the radon and aerosol content changed insignificantly.

The maximum in the radon distribution (12-10-12 curie/m3) during the ship's
movement to the north along the profile 23.5°W was observed to the north of
the ICZ (4-5°N). With advance northward its content decreased monotonic-
ally to 2.0-10-12 curie/m3, in general duplicating the distribution observ-
ed during movement toward the south.

The pattern of distribution of aerosol in the near-water air layer along
the meridian 23.5° differs considerably from that obtained during the
ship's southward movement along the meridians 30-25.5°W.

Two maxima were observed: at 4-6°N (47'|,Lg/m3) and at 15°N (60;-Lg/m3) and
there was a minimum in the region 8-10°N (15 ’,Lg/m3).

The corrzlation coefficient between the radon and aerosol concentrations
in the Trades zone is 0.60, which can indicate transport from a single
source (African continent). In our opinion, the different physical prop-

- erties of the investigated substances determine their different behavior
in the atmosphere.

The quantity of vapor in a column of the atmosphere which we computed and
its change in the equatorial zome (10°N-5°S) in general agree with the
data in [10].

The aerosol attenuation of direct solar radiation Al and its absorption
by water vapor AI during the movement of the ship to the south alseo
gradually increased and caused a decrease of absorbed radiation; A In
increased considerably more slowly than A I;. For example, whereas at
30°N these values were approximately identical, at 5°N the AI, value
more than doubles, whereas A1, increases by only 17%. Accordingly, in
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the southern part of the Trades zone direct solar radiation was attenuat-
ed primarily by aerosol. The maximum attenuation of direct solar radiation
by aerosol (to 1.2 cal/(cm2'min)) was observed in the region 2.5°N

before the ICZ, specifically in the transition zone in which there is a
predominance of descending compensatory movements [8]. A maximum aerosol
concentration in the near-water air layer (lOSp.g/m3) was also noted in
this same source. It should be noted that the prevailing wind direction
at 2-3 km remained northeasterly, that is, the air masses were transported
from the continent. When running the profile along 23.5°W the maximum A I,
value was already noted near 10°N (0.9 cal/(cm2-min), evidence of a great
variability and dynamicity of processes of aerosol transport from the con-
tinent to the ocean.

The attenuation of direct solar radiation by water vapor A I, when making
the run along 23.5°W had a distribution which in general was the same as
when moving from north to south. Along the mentioned profiles the rela-
tionships between AI; and AIn changed virtually identically with lati-
tude.

_ The absorbed radiation along the profile with southward movement in the
Trades zone varied in the range 500-640 cal/ (cmz-day), considerably re-
duced (to 200 cal/(cm2-day)) by thick cloud cover of the well-developed
ICZ.

Along the profile 23.5°W the level of absorbed radiation remained virtually
constant (540-650 cal/ (cmz-day)), not decreasing in the ICZ, whose cloud
- cover was blurred.

An investigation of the correlation between the aerosol distributions in
the near-water air layer and aerosol attenuavion of solar radiaiLion indi-
cated that in the Trades zone the correlation coefficient between them is
0.91, whereas in the ICZ a~d to the south there was no significant correl-
atisn (correlation coefficients 0.11 and 0.08 respectively). This is evi-
derce that observations of the aerosol content in the near-water air lay-
er of the Trades zone give information on the aerosol content in the en-
tire thickness of the atmosphere if it is assumed that the A In value

is proportional to the total aerosol content in a vertical column of the
atmosphere.

The rcle of aerosol attenuation of solar radiation in the Trades zone will
be illustrated in the following example: 25 April (12°N) the A I, value
was 0.14 Ip and AI, = 0.58 Ig. The direct solar radiation reaching the
ocean surface was only 287 of Igp.

In conclusion we note the following.

The principal factors governing the distribution of the investigated char-

acteristics of the near-water layer of the atmosphere in the tropical At-
lantic were the Northeast Trades and the ICZ.
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The direct solar radiation in the zone 5-20°N is primarily dependent on
the atmospheric aerosol concentration.

The close correlation between the aerosol content in the near-water air

" layer and aerosol attenuation in the Trades zone 1is evidence that the

distribution of aerosol content in the near-water layer characterizes its
content in the entire thickness of the atmosphere.

10.

11.
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PROPAGATION OF A MONSOON OVER EAST ASIA AND THE DEGREE OF ITS STABILITY
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{Article by Candidate of Geographical Sciences N. I. Lisogurskiy and A. Z.
Petrichev, Far Eastern Scientific Research Hydrometeorological Institute,
submitted for publication 1 October 1979]

Abstract: On the basis of observational data

from 393 stations, using the S. P. Khromov meth-

od, the authors constructed a map of the propa-

gation of monsoons in East Asia. The degree of

their stability is demonstrated. It was found

that the monsoon region of East Asia breaks

down into zonal parts and the position of the

monsoon "divides" corresponds to the position

of the climatological fronts. It is shown that

the stability of middle-latitude monsoons is

no less than the stability of subtropical mon-

soons.
[Text] The enormous influence which monsoons exert on the formation of cli-
mate over extensive regions of the earth is well known. It is therefore
- easy to understand the interest which scientists have in this form of at-
mospheric circulation. A great number of investigations has been devoted
to the subject of monsoons, but until now there have been different def-
_ initions of the term "monsoon" itself and there is no unanimity on matters

relating to the reasons for genesis and development of the regions of prop-
agation of monsoons over the earth.

At the present time the definition of a monsoon proposed by S. P. Khromov
in 1950 and made more precise by him in 1956 [8, 9] is the most recognized
by meteorologists. According to this definition, a monsoon is "such a re-
= gime of general circulation of the atmosphere in a large geographical
regicn in which winds of one direction (quadrant, octant) in each place
in this region sharply predominate over the others and the prevailing
direction of the wind changes to the opposite or nearly opposite direc-
tion from winter to summer and from summer to winter." Opposite directions
are those between which the angle is 120° or more and sharply prevailing
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directions are those whose frequency of recurrence is 40% or more. Al-
though such a definition has a purely meteorological character and gives
no idea concerning the genesis of monsoons it makes it possible to dis-
tinguish monsoonal flows from the total number of atmospheric phenomena
and give them quantitative characteristics.

Using these criteria, S. P. Khromov, on the map which he constructed, show-
ed the regions of the earth in which monsoons occur, as well as regions
with a "monsoon tendency" (mean frequency of recurrence of the prevailing
direction less than 40%). Some of this map, the part for East Asia, is
reproduced as Fig. 1. On the basis of his investigations S. P. Khromov
drew the conclusion that monsoonal regions are grouped into zones drawn out
in a latitudinal direction, which is caused by seasonal movements and evo-
lution of atmospheric centers of action. He differentiated the following
monsoonal zones: tropical —— between 20° north and south latitude, subtrop-
ical -~ between 30 and 40° latitude in both hemispheres, zone of monsoons
in the temperate latitudes in the northern hemisphere -~ between 50-60°
latitude, and also the polar zone —- near the 70th parallel in the northern
hemisphere.

The zonal distribution of monsoonal regions on the S. P. Khromov map is dis-
rupted only in East Asia, where this zone is a continuous meridional band
of monsoons. S. P. Khromov explained the appearance of this azonal region
as a result of the intensification and merging of three monsoonal zones.

Fig. 1. Geographical propagation of monsoons according to S. P. Khromov.
Regions with a monsoonal angle from 120 to 180° are shaded. The mean fre-
quency of recurrence of prevailing wind directions in January and July:
1) less than 40%; 2) 40-607%; 3) more than 60%.
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However, it should be noted that in constructing the mentioned map the
prevailing wind directions were determined only at the points of inter~
section and at the centers of 10° squares, In order for the map to attain
a greater accuracy S. P Khromov proposed the use of original observational
data in the network of stations.

In the years which followed a number of scientists made attempts at more
precise determination of the boundaries of monsoonal circulation over in-
dividual regions of the earth. We will mention the most important of them.

In 1960 the boundaries of monsoonal circulation over China were defined by
Chzhan Tszyachen using the Schick index [10]. He demonstrated that the
center of monsoonal activity is not situated over northeastern China, but
near its southeastern shores.

On the basis of use of data on the prevailing wind direction for each 5°
grid square, found by computing wind roses, a refined map of the propaga-
tion of monsoons over the Pacific Ocean was compiled and published in [7].
This map gives a more detailed pattern of distribution of monsoonal phen-
omena over the ocean, being somewhat different than that obtained by S. P.
Khromov.

In the early 1970's new boundaries of monsoons were proposed by K. Ramedzh
in his monograph METEOROLOGIYA MUSSONOV (Meteorology of Monsoons) [5]. He
regards as monsoonal only those regions of those defined by S. P. Khromov
in which the mean velocity of the resultant wind in January or July ex-
ceeds 3 m/sec and in each 5° square in any 2-year period in any month
there is less than one replacement of a cyclone by an anticyclone or vice
versa. As a result, only the region bounded by 35°N-25°S and 30°W-170°E °
was included in the monsoonal region, that is, in the author's opinion [5]
a monsoon 1is a purely tropical phenomenon.

After evaluating the results of regionalization of monsoons in East Asia
it is easy to conclude that no unanimity has been achieved on these
matters.

We feel that at the present time, when adequate archival material has been
accumulated, it has become possible to return again to this monsoon problem,
employing the criterion given by S. P. Khromov as the basis for identifying
a monsoon. .

In the investigation we used wind data published in the SPRAVOCHNIK PO
KLIMATU SSSR [6] and the KLIMATICHESKIY SPRAVOCHNIK ZARUBEZHNOY AZIT [2]
(Handbook of USSR Climate; Climatic Handbook of Foreign Asia). The terri-
tory of Ea2st Asia from the shores of the Arctic Ocean to the Indochinese
Peninsula and from 100°E to 180°E was considered. In this territory data
on the mean monthly velocity and frequency of recurrence of the wind were
obtained for 957 stations. We selected those stations at which the mean
wind velocity in January or July exceeded 3 m/sec, that is, at least in
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one month of these two. Adhering to the proposal by Ramedzh [5], this
condition was selected because in regions with weak winds monsoonal
transport was poorly expressed. There were 393 stations satisfying this
condition.

Using the observational data for the selected stations we computed the
prevailing wind direction and its frequency of recurrence for January
and July by the method proposed by Ye. S. Rubinshteyn [1]. Days with
calms were taken into account when computing the frequency of recurrence
of the prevailing wind direction. This is necessary because when there
are a large number of such days the frequency of recurrence of the pre-
vailing direction, computed without taking calms into account, becomes
nonindicative. Then we computed the angle between the bisectors of the
predominant squares and its values were plotted on the map, after which

- isogonic lines were drawn each 30°. According to the definition given by
S. P. Khromov, regions are considered monsoonal when the angle between the
predominating wind direction changed by 120° or more from January to July.

Next, for determining stability of the monsoonal regime we computed the

S. P. Khromov index, representing the half-sum of the frequencies of re-
currence of the prevailing wind directions for January and July. These
data served as a basis for compiling a refined map of monsoonal regions
over East Asia (Fig. 2), on which we showed the boundaries of propagation
of monsoons and the degree of their stability. Taking into account the
circumstance that the wind observations used in refining the S. P. Khromov
map over the Pacific Ocean [7] were taken for approximately the same per-
iod as for the construction of our map, in Fig. 2 we deemed it possible

to combine the results of the refinements obtained both in our studies and
in [7].

A comparison of the map constructed in this way with the S. P. Khromov map
shows that in general they coincide. However, Figure 2 reveals a number of
new and significant details appearing due to the use of material for a
considerably greater number of points., The greatest difference is that the
azonally drawn-out band of monsoons in East Asia is broken down into indi-
vidual zonal regions, much as is observed over other regions of the earth.
This is not surprising because different air masses participate in the
formation of monsoonal flows over this region, as already indicated by

S. P. Khromov.

There are regions between the individual regions of active monsoonal activ-
ity where the S. P. Khromov index acquires minimum values or where a mon~
soonal angle is absent. As proposed by V. V. Shuleykin [11], these regions
will be called "monsoon divides." To be sure, the appearance of monsoon
divides is not related to the absence of monsoons in these regions. Their

- appearance is attributable to the fact that they are situated at the line
of contact of monsoons caused by different circulatory processes. The al-
ternate penetration of monsoonal flows into the monsoon divide region has
the result that no clearly expressed prevailing wind direction 1s observed
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nere. The regions of the monsoon divices have a relatively small width and
could be discovered only in a detailed investigation with the use of a
great number of observations.

Fig. 2. Refined distribution of monsoonal regions over East Asia. For sym-
bolization see Fig. 1.

The following principal monsoonal regions can be distinguished on the map
(Fig. 2). Over the southern part of the Asian continent there is a region
of tropical monsoons. This region is separated in the north from the sub-
tropical monsoons by a monsoon divide whose axis passes approximately
along 20°N. The position of this monsoon divide coincides with the July
position of the ICZ [3, 4]. This circumstance once again confirms the pre-
vailing opinion that equatorial alr can penetrate to the southeastern
coast of China. In the tropical monsoon region there is a seasonal change
of the winter easterly Trade flows to summer westerly winds.

As might be expected, the most stable monsoon is observed in this region.
Its mean frequency of recurrence at individual coastal stations exceeds
80%. In the central regions of the Indochinese Peninsula, in which calms
frequently prevail, the stability of monsoons is reduced to 50-60%.

Then, to the north between 25-43°N, there is a region of subtropical mon-
soons taking in China, Japan, Korea, the south of Primor'ye and propagating
into the depth of the continent to 105°E. In this region there is a season-
al change of the northerly winds associated with the centers of the Siber-
ian anticyclone penetrating into China in the winter to the summer south-
easterly flows arising as a result of interaction between the Asiatic Low
and the spur of the subtropical North Pacific anticyclone extending to the
«tores of Asia. Thus, the polar continental air of the winter monsoon is
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replaced here by marine tropical air only in summer. This monsoonal region
fits into the zone formed between the winter and summer positions of the
polar front.

The stability of subtropical monsoons is relatively great and at coastal
stations can attain 707%. With advance into the depth of the continent
their stability decreases to 40-60%, and to the west of 110°E the mean
frequency of recurrence becomes less than 40%. It is characteristic that
the mean frequency of recurrence of prevailing wind directions over north-
ern Korea and the southern part of Primor'ye exceeds 60%. The results ob-
tained for this region differ considerably from the conclusions drawn by
S. P. Khromov, who contended that only a monsoonal tendency should be ob-
served there.

Temperate-latitude monsoons are very clearly expressed on the refined map;
they take in the region from 45 to 65°N. During winter a monsoonal flow
caused by interaction between the Siberian anticyclone and the Aleutian
Low prevails over the mentioned region. In summer, however, monsoonal flows
arise as a result of interaction between regions of reduced pressure form-
ing over the continent and anticyclones over the marginal seas and the
northwestern part of the Pacific Ocean. For example, the monsoonal flows in
the region of the Sea of Japan and the Sea of Okhotsk arise during the life~-
time of the summer Far Eastern Low and the predominance of regions of in-
creased pressure over these seas. The monsoonal region in the northern part
of Kamchatka and the southern part of Chukotka is formed with the formation
of the summer anticyclones of the Bering Sea and the cyclones of the Arctic
front over Chukotka. :

The anticyclone situated over the Sea of Okhotsk is the most powerful and
stable of all those arising in summer in the marginal seas of East Asia.
The most active region of temperate-latitude monsoons is also situated
here. Their stability at the center of this region exceeds 60%. With ad-
vance into the depth of the continent it decreases to 407%. Among the mon~
soons of the temperate latitudes the monsoon from the Sea of Okhotsk pene-
trates thé greatest distance onto the continent and attains 120°E. Thus,
the monsoons observed in the Sea of Okhotsk region are equal in stability
to subtropical monsoons, but are propagated over a lesser area. The stab-
ility of Bering Sea monsoons 1s less than over the remaining regions of
the temperate latitudes and is 40-607%. It exceeds 60% only in individual
small regions. The Bering Sea monsoon penetrates 400-600 km onto the con-
tinent, that is, much less than the Sea of Okhotsk monsoon.

The monsoon divide between the temperate-latitude monsoons and the polar
monsoon passes along 65°N. The polar monsoon is observed in a narrow zone
along 70°N, penetrating 200-300 km onto the continent. However, along the
valley of the Lena River it is propagated to its upper course. In this same
region there is maximum stability of the polar monsoon -- 40-60%. In the
remaining regions for the most part it is only a monsoonal tendency which
is observed.
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In summarizing what has been said above, the following conclusions can be
drawn:

1. The stability of monsoonal activity in the temperate latitudes of East
Asia is approximately the same as in the subtropical latitudes.

2. The monsoonal region of East Asia is divided by three monsoon divides
into zonal parts agreeing with existing concepts concerning the zonal
propagation of monsoons over the earth.

3. The position of monsoon divides agrees well with the position of the
climatic fronts.

1.
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UDC 551.463.6(263)
VARIABILITY OF THE TEMPERATURE FIELD IN THE EQUATORIAL ATLANTIC
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 5, May 80 pp 60-64

[Article by Doctor of Physical and Mathematical Sciences V. V. Yefimov,
Marine Hydrophysical Institute, submitted for publication 10 September
1979}

Abstract: The article gives the results of
statistical processing of temperature data
for different depths in the Equatorial At-

- lantic during the period 1961-1977. The char-
acteristics of the annual variation of tem-
perature, heat content in the upper active
layer of the ocean and radiation heat flux
are evaluated. A conclusion is drawn that
advective heat transfer plays the predom-
inant role in generating the annual harmonic.
The distribution functions are computed for
the difference temperature in dependence on
depth. A comparison of the experimental dis-
tribution functions and the normal law is
given.

[Text] Recently interest has increased in investigations of interaction
between the atmosphere and ocean in the tropical and equatorial regions
of the oceans. Such major experiments as TROPEKS~74 and the First Global

_ Experiment of 1979 were carried out. It is assumed that the equatorial
regions of the world ocean play a decisive role in the forming of weath-
er anomalies on the continents in a subsequent period [1].

At an earlier time extensive investigations of dynamic and thermal pro-
cesses were carried out in the central part of the Atlantic Ocean, com-
bined in the general EKVALANT program. Accordingly, many important char-
acteristics of the averaged temperature field of the Tropical Atlantic

are quite well known [2]. However, quantitative evaluations of the tem—
poral variability of the temperature field of this region of the ocean

are still in need of refinement and further study. This applies, in par-
tixnlae, to long-term variations of parameters in the upper active layer
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on seasonal and year-to-year scales.

Below we will examine the results of statistical processing of all the
materials from expeditionary investigations by scientific research ves—
sels of the Marine Hydrophysical Institute Ukrainian Academy of Sciences,
the "Mikhail Lomonosov" and the "Akademik Vernadskiy," carried out in

the equatorial region of the Atlantic Ocean, supplemented by some data

of expeditionary vessels of the Hydrometeorological Service. The primary
materials are the results of standard hydrological soundings of tempera-
ture at individual points in the ocean. The processing was done using about
800 individual soundings at hydrological stations in the equatorial region
of the ocean lying in the rectangle 5°N-5°S, 18-40°W., relating to the per-
iod 1961-1977. To be sure, the measurement data were not distributed uni-
formly through this period. A great many measurements were made during
1961-1964, 1973~1975 and 1977; there are considerably fewer data between
these years.

In the analysis we used temperature data for standard horizons in the upper
layer to a depth of 500 m. As a result we computed the mean temperatures
and their dispersions, the distribution functions (histograms), and also
the amplitudes A, and phases %, of the harmonic components. Ap and ¥,
were computed by the ordinary mean square fitting\ method. We found such
amplitudes and phases of the harmonic component Tj= Ay sin (& ty + ®n)
that the standard deviation from the measured T4 values was minimum. Thus,
we minimized the function ToTTo Ty

t(Ay @) = X(T— T,

(2]

vhere N 1s the volume of temperature data used, o, is frequency, ty is
time.

The table gives the computation results. It gives the mean temperature val-
ues T at different depths, the dispersions of temperature fluctuations 0'2,
the amplitude A and the phase ¥ of the harmonic component of the annual
period, and also the residual temperature dispersion 02 (temperature dis-
persion less the annual periodic component: C© % = €nin/N). In addition,

we computed the heat reserve Q in the surface layer 0-150 and 0-500 m

(Q = L'prs' T(2) dz)

and computed these same statistical characteristics for these reserves.
The left half of the table describes the entire mass of data used (£5° 1in
latitude and 18-40°W); the right half of the table gives sample data re-
lating to a narrower latitude region near the equator: 3°N-3°S.

First we draw attention to the following peculiarity of the results: in
the upper quasihomogeneous layer of the ocean the amplitude and phase
of the annual temperature component vary relatively little. For example,

for the entire mass of data the amplitude attenuates from 0.89 to 0.73°C
and the phase varies from 0.12 to 0.45 rad in the layer from the surface
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to 30 m. For example, we note that ¢ = -7]/6 denotes a phase shift be-
tween the annual variation of temperature and the beginning of the year
of one month (that is, the temperature maximum falls at the end of April);
in the case ¥ = 0 the maximum falls at the end of March, etc. Therefore,
¥ = 0.12 corresponds to a maximum of the annual temperature variation

falling in the second half of March.

F ! a? af A ] Fa ¢? a:‘: A ?
1 2 3 1 2
5°c. . —5° 0. w.; 18—40° 3, A e w—F 0. m.; 18—40° 3.31
1] 27,121 1,15 0,71 0,8010,12 127,141 1,0 0,64 10,92 { 0,21
10 27,08 | 1,131 0,73 1 0,84 10,12 | 27,11 | 1,04 | 0,69 | 09 4 0°19
20 27,0 l‘.lJJ 0,791 0,78 [ 0,18 27,0 1,05 0,74 { 0,86 | 0,24
30 26,8 1,291 1,001 | ¢,73] 0,45 2,8 1,07¢ 0,8 {0,76 | 0,52
50 25,7 3,44 3,01 1,0 1,35 | 25,8 3,3 2,5 1,18 | 1,71
75 22,1 12,0 9,4) 2,1912,9 | 2,7 9.7 5,6 2,5 2,37
100 18,4 l?,§ 10,6 1,24 (2,47 | 18,0 [12,0 8,3 2,5 2,87
150 14,2 2..:) 2,4 0,4 |2.47 | 14,1 2,031 1,94 10,45 | 3,14
200 12,8 0,0.'? 0,64 | 0,1312,75 | 12,8 0,38 0,36 {0,23 | 0,28
B[N e um | ve b g B8 8D )20
R ,23 . , . 6,9 | 0, 0,2 . ,
Q(O——ISO) 325 710 610 [ 14,2 | 2,07 2 0.06 | 2,37
Q(0~500) 687 1126 950 { 17,1 2,27
R 461 1852 | 1785 |31 2,26

4 Paawepoct: Q — 8 (xa1/ex?)-10-%, R —3g xaa/(cat-cyr); T, A—s °C; ¢ — B pad.

KEY:
1. N
2. S
3. W
4. Dimensionalities: Q -~ in (cal/cmz)-10‘3; R -- in cal/ (cmzeday);
T, A = in °C; ¥ — in rad.

The seasonal temperature changes are traced to a depth of 100-150 m. Deeper
the A and 9 evaluations become unstable. This can be seen from the fact
that the residual dispersion ¢ 2 already differs little from the initial
O2. What has been said is illustrated in Fig. 1, wnich shows changes in
amplitude, dispersion and phase of temperature fluctuations with depth. It
can be seen that there are small changes in all the characteristics in the
upper quasihomogeneous layer and then a local increase in amplitude of the
annual temperature variation in the upper thermocline. The phase regularly
increases with depth so that, for example, at the 100-m depth the tempera-
ture maximum already occurs in time at the beginning of November.

What is the wechanism of the seasonal temperature change in the equatorial
region of the ocean? As is well known, there are two possible reasons for
such variations. These are seasonal changes in the heat balance components
and advective heat transfer. Although at the equator the annual harmonic
of variations of external solar radiation is virtually absent, the sea-
sonal vapiacions of the heat balance components are not equal to zero.
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Fig. 1. Distribution of mean temperature E; amplitude A and phase ¢ of an-
nual harmonic of temperature variatioms.

At the present time little is known about their amplitude near the equator
in the Atlantic Ocean [3]. As an approximate evaluation we used the re-
sults of measurements of total solar radiation R made on the scientific-
research ships "Mikhail Lomonosov" and "Akademik Vernadskiy." The avail-
able data were processed by the same method and the results for the lati-
tude zone +5° are given in the table. The amplitude of the annual har-
monic of total radiation was 31 cal/(cm2.day), phase -- 2.26 rad. It is
natural that the amplitude of the annual harmonic of the total heat bal-
ance at the ocean surface does not exceed this value. It is probably
about 1/3 of it, that is, approximately the same fraction as the mean
value of the total heat balance relative to the radiation balance [4].

It is easy to show that the mentioned variations of the total heat balance
at the ocean surface cannot ensure the variations of heat content in the
upper active layer of the ocean cited in the table. In actuality, In ac-
tuality, without taking advective heat transfer into account, the steady
seasonal variations of the temperature field are related to variations
of the heat flow at its surface (the heat flow at the lower boundary of
the active layer is neglected) by the simple expression

—"5— =B,,sin-=§5i5 ¢,
where By is the amplitude of the annual harmonic of the total heat flow
at the surface, Q is the heat content of the active layer.
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Then

By = %‘%Q",

it

where Qy is the amplitude of the annual harmonic of heat content variation.

Assuming the amplitude of heat content variations in the upper 150-m lay~
er, as given in the table, to be 14.2-103 cal/cm2, we obtain Bg = 244 cal/
(cmz'day). This is considerably greater than that which was estimated
earlier for seasonal variations of the heat flow at the surface. Thus,
the annual temperature variations in the upper layer of the ocean greatly
exceed the values which can be expected solely as a result of changes in
the heat flow through the ocean surface.

Advective heat transfer is evidently the main reason for the seasonal tem-
perature changes in the equatorial region of the Atlantic Ocean. This re-
gion is a dynamically active part of the ocean with quite intensive cur-
rents. Among these it is possible to mention the Lomonosov subsurface cur-
rent, having a great extent, and the surface transfér in a predominately
northwesterly direction, the South Trades Current. The latter also prob-
ably makes the main contribution to the seasonal variation of temperature
near the equator. This is indicated by the phases of the annual tempera-
ture wave, close to the phase of the seasonal variation of surface temper-
ature in the southern hemisphere.

The advective nature of the seasonal temperature variations near the equa-
tor distinguishes this region from other regions of the ocean. It is

known that in the overwhelming part of the ocean the seasonal tempera-
ture changes in the upper active layer are caused by local variations of
the heat balance components at the surface.

Now we will examine the varig\bility of residual temperature of the upper
layer of the ocean T' =T - 71, that 1s, the temperature less its seasonal
variation T. In the variations of residual temperature T' it is possible
to discriminate the year-to-year variability and intermediate-scale vari-
ations (a period of months). Among these the year—to-year variability is
the most important for the purposes of predicting weather anomalies. How-
2ver, available data were inadequate and the evaluations of long-term

variability are not reliable. Accordingly, the spectral composition of

temperature variations in this region of the ocean could not be studied.

Nevertheless, useful information can be obtained from an analysis of the
distribution functioms. P(T') histograms were computed for all the tem—
perature data. These characterize temperature variability. Figure 2

shows P(T') functions for the residual temperature at different horizons.
We note that the histograms of initial temperature data P(T) have a two-~
peak appearance, as a result of presence of the harmonic component of
seasonal variation, and therefore they are not cited. The P(T') distrib-
ution makes possible a direct evaluation of the probability of deviation
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of temperature values at different horizons from the mean square values
given in the table (taking into account the regular seasonal variation).

Fig. 2. Distribution function for residual temperature p(T') for different
depths. 1) O m; 2) 10 m; 3) 30 m; 4) 50 m; 5) 75 m; 6) 100 m; 7) 200 m;
8) 300 m; 9) 500 m.

The P(T') experimental functions were broken down into three groups relat-
ing to the region of the upper quasihomogeneous layer, the upper part of
the thermocline (region of the maximum temperature gradient) and the depths
200-500 m. For these groups the P(T') values behave in the same way. The
broadest P(T') distribution is characteristic for the depths of the max-
imum temperature gradient. Here the standard deviations of residual tem-
. peratures T' attain 2-3°C. The P(T') scattér decreases above and below.

Figure 2, as a comparison, gives the theoretical distribution functions
corresponding to a normal law with a dispersion equal to the mean disper-
sion of fluctuations T' in this layer, taken from the table. It can be
seen that the experimental distribution functions differ insignificantly
from the normal values. The difference from the normal law is manifested
primarily for small depths. An asymmetry of the P(T') distribution is
characteristic here: negatjve T' values are encountered with a greater
probability than positive values.

Such a peculiarity of the P(T') behavior is naturally related to an es-
sentially nonlinear mechanism of formation of heat flows through the
ocean surface. With an increase in surface temperature there is a con-
siderable increase in ocean heat transfer by means of evaporation and
therefore a "saturation effect" arises. The temperature of the ocean sur-
face in the equatorial region rarely increases above 28°C. We note that
an essentially asymmetric form of the distribution function is character-
istic for all flows through the ocean surface: flows of heat, moisture
_and momentum [5].
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UDC 551.(326.7:507.362.2)

METHOD FOR DETERMINING THE DENSITY OF PACKING OF DRIFTING ICE USING
SATELLITE DATA

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 5, May .80 pp 65-68

[Article by P. A. Nikitin and N. D. Lyubovnyy, State Scientific Research
Center for the Study of Natural Resources, submitted for publication
28 August 1979]

_ Abstract: The authors have formulated and
applied an algorithm for determining the
density of packing of drifting ice using
measurement data from a scanning microwave
radiometer. The algorithm makes possible
the processing of a mass of satellite data
in an interactive regime and the represent-
ation of a map of the spatial distribution
of sea ice in visualized form. At the same
time, using the statistical characteristics
of a signal from test sectors it is possible
to evaluate the reliability of the output data.

[Text] Due to the greater volumes of sea transport and lengthening of the
navigation season there is need for more detailed regular information on
drifting sea ice. One of the new and promising methods for obtaining such
information is microwave sensing from artificial earth satellites. This
method has a significant advantage — the possibility of making measure-
ments through the cloud cover and at nighttime, which is especially im~
portant for the polar regions.

For the first time satellite microwave data on the density of packing of
drifting ice were obtained when processing measurements from the artif-
icial earth satellite "Cosmos-243" in 1968 [1]. Then similar studies were
made in the United States using data from a scanning radiometer carried
aboard the artificial earth satellite "Nimbus-5" [5].

A determination of the density of packing is possible due to the great dif-
ference between the measured radiobrightness temperatures of ice and water,
The radiometer signal strength is proportional to the ratio of the areas
occupied by ice and water in the field of view of the radiometer antenna

(11
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Ty=TiS+T3(1-S).
@)

[A=Dbr; 3N = ice; B = water]

Here Ty, is the measured radiobrightness temperature; S is the density of
packing (relative area) of the ice cover, TiCe and TWater are the radio-
brightness temperatures of ice and water respectively,

- It follows from the cited simple relationship that the accuracy in determin-
ing the quantity of drifting ice will be dependent on the error in a priori
stipulation of Tice and Tg?ter and the accuracy of measurements, including
scaling of the ragiometer signal into absolute values of the radiobrightness
temperature. The method for the latter has not yet been adequately perfected
and involves calibration against test sectors of the earth's surface or
"against space,” which can lead to considerable errors. The radiobrightness
temperature of the water can be computed with a high accuracy. In this case
it can be assumed that

Tbr = qTo; (2)

where Tg is the thermodynamic temperature of the enitting medium, q is the
emitting power (emissivity), dependent on the electrophysical character-
istics of the medium, the frequency of the radiation and the sighting angle.

The emission characteristics of sea water have been studied quite well {4]
and its thermodynamic temperature in the zone near the ice edge 1is 273+41.5
K [2]. In this direction sea ice has been studied far more poorly. It is a
complex heterogeneous medium whose electric properties are dependent on the
age, thermal regime, time and place of formation. The model computations

_ made by the authors indicated that the changes in T%ce can exceed 50 K.
There are no reliable experimental data on the radioﬁrightness characteris~
tics of sea ice. Accordingly, at the present time there 1s no possibility
for making direct calculations of the density of packing or making a suf-
ficiently precise determination of its possible accuracy. It is true that
source [5] gives the figure 6% (that is, less than 1 "continuity" scale
unit), but it was obtained for a fixed emissivity, which obviously does
not correspond to reality.

In addition, the processing of experimental radiometer-polarimeter data
from the instrumentation carried on the artificial earth satellite "Meteor-
18" and theoretical computations of the radiobrightness characteristics of
the arctic atmosphere indicate that at wavelengths less than 2 cm it is
impossible to neglect the influence of the atmosphere, which attains maxi-
mum values specifically during the summer navigation period {3].

In connection with what has been said above, and-also taking into account
the great amount of information arriving from artificial earth satellites
and requiring the automation of the interpretation process, at the present

time the routine processing and sufficiently correct evaluation of the re-
1iability of the computed parameters is possible only by dispensing with
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a priori stipulation of characteristics of the atmosphere and underlying
surface. Such a possibility is afforded by the use of methods developed —
in the theory of image recognition. In this case it is possible to limit

ourselves to a priori information only on the position (boundaries) of

test sectors of the earth’s surface. In a given case when it is known that -
the relationship between radiobrightness or the amplitude of a signal (ab-

solute radiobrightness temperatures are no longer required) and the density

of packing of the drifting ice is linear, in order to recognize sectors of

any density of packing it is necessary to have only two test sectors ——

the continuous ice cover and the open water surface. In the polar lati-

tudes such sectors are virtually constant, for example, the continuous ice

in the region near the pole and the open water surface in regions adjacent

to the edge of the drifting ice.

Taking into account the virtually simultaneous making of measurements in
the test sectors and their sufficient spatial extent, it can be assumed
that the signal dispersion, computed from the totality of measurements
within each of the test sectors, for the most part is determined by the
spatial nonuniformity of properties of the atmosphere and underlying sur-
face. :

In applying the algorithm for breakdown of signal amplitude into classes
corresponding to the required number of ice density gradations we used
the known criterion of a "minimum of Euclidean distance." The boundaries
of the classes (gradations) were found in the following way:

B = M,__,D,+M‘D,_| ' o 3)
i DID[_j "

where 1 = 1,...,n, By is signal strength at the boundary of the i-th and
i - 1st classes, n is the number of classes to be determined, My is the
mean value of signal amplitude, Dy is signal dispersion,

—M, . '
M=, Y @

Dg=D|+‘ D,,:D: l ’

My, D; and M, D, are the statistical characteristics of a signal in the
test sectors.

If the distribution function for the Inhomogeneities responsible for the
dispersion is normal, on the basis of the stipulated reliability it is
possible to determine the possible number of ice density gradations. For
example, with a 95% reliability
— 1M = M) o .
"ETaVD . ) f

Or, by stipulating the required number of gradations, it is possible to
compute the reliability of their determination:
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e 4 1M M,

RO 6)

where ¢ is the half-width of the confidence interval in mean square error
units.

The existing possibilities for automation of the processing process and the
form of the primary information determined three work stages:

-— preparation of the initial mass of data;

-- determination of the density of ice packing and formation of the output
mass of data;

—-— representation of data in visualized form.

In the first stage, from the entire mass of data arriving from the satellite
complex of microwave instrumentation and after primary processing of data
registered on magnetic tape we select only the results of measurements made
by the scanning radiometer in a stipulated geographic region. Parallely,
the automatic digital printout unit delivers a mass of corresponding geo-
graphical coordinates of sectors sighted on the earth's surface. The meas—
urement data are converted and quantized in such a way that they can be

put out on a display. Since the quantization is accomplished at 255 levels
and the amplitude of fluctuations of the measured radiobrightness tempera-
ture is approximately 200 K, the accuracy (detail) after conversion is not
lost. The mass of data obtained as a result is registered on magnetic tape.

In the second stage the processing is in an interactive regime. The collect-
ed mass is visualized on a half-tone display and the operator, being guided
by the table of geographic coordinates printed out in the first stage,

which also gives the numbers of lines and elements, determines the limits
of the test sectors in the coordinates of the "photograph." The criterion
for choice of any sector is a priori data on the propagation of drifting

ice and the minimum of the noise visible on the screen. In addition, visual
monitoring makes possible preliminary determination of the position of the
ice edge and the shoreline. After introduction of the corresponding coor-
dinates into the electronic computer there is computation of the statis-
tical characteristics of the signal in test sectors. Data are fed out by
teletype which the operator uses in making a decision about a definite num-
ber of ice density gradations (probability level) and communicates his de-
cision to the electronic computer. Then an element-by-element recognition is
made in an automatic regime with registry of the results of processing on a
magnetic tape.

The results are visualized in the third stage. The ice density map can be
put on a photocarrier in a half-tone variant by means of a unit commutated
with an electironic computer. It is also possible to make a photographic
survey from a color display screen. In these cases the processing cycle
must include programs for transformation into the map projection and "fitt-
ing" of the coordinate grid. At the present time it is most convenient and
rapid to feed out the ice density map in symbols using the automatic digit-—

al feedout unit.
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The entire cycle for one-time processing of data relating to the territory
north of 50°N in a zone with a width of 800 km (data from one satellite
revolution) with the use of a YeS-1022 electronic computer and the special
complex for the processing of videoinformation available at the State Sci-
entific Research Center for the Study of Natural Resources occupies about
30 minutes. But it must be noted that in the presence of the necessary

a priori data the processing can be easily completely automated.

The method described above was used in processing data for 15 revolutions
of the "Meteor-28." It was found that in summer, stipulating the 95% prob-
ability level, it is possible to obtain data on three gradations of the
density of arctic drifting ice (with measurements at a wavelength 0.8 cm).
This information was compared with aerial ice reconnaissance maps. The
agreemert can be considered completely satisfactory.

Thus, the installation of scanning microwave apparatus on operational ar-
tificial earth satellites and automation of the process of processing of
measurements even now give a considerable economic effect.
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CHANGE IN WATER LEVELS WITH RETENTION OF FLOW VOLUME
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 5, May 80 pp 69-76

[Article by Candidate of Technical Sciences F. M. Chernyshov, Novosibirsk
Institute of Water Transportation Engineers, submitted for publication 12
October 1979]

Abstract: The article describes a method for
computing the mean long-term guaranteed proba-
bility of water levels for rivers in which in-
tensive dredging is carried out for navigation-
al purposes or in which sand, gravel or minerals
are extracted, and also for those rivers in which
there 1s active erosion of channels, such as in
the reaches in the lower pools at hydroelectric
power stations. The author examines different
procedures for evaluating the annual change in
the mean long-term guaranteed probability of

the former planned or any other characteristic
water level on free and regulated rivers.

[Text] At the present time the phenomenon of an annual decrease in water
levels is observed on many rivers although their flow volume remains un-
changed. This is attributable to a number of factors: intensive dredging for
navigational purposes, exploitation of sand and gravel deposits on the bot~
tom, active erosion of channels in the lower pools at hydroelectric power
stations, etc. Accordingly, there is a noncorrespondence between water-gag-
ing data for earlier years and modern data, and this will be true in the
future with other changes in river chammels. For this reason as we detect

a noncorrespondence between water-gaging data for earlier years and the
present-day state of river channels it is necessary to correct these data.
In the case of a "continuous” change in the state of the river channel
within the 1limits of a reach such a correction must be made annually prior
to the onset of the navigation season, particularly with respect to the
most important and decisive characteristics of the planned water level --
its relative or absolute reading and its mean long-term guaranteed proba-
bility (in days or in percent).
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The years from which dredging work or deep erosion begin to exert an in-

fluence on the change (decrease) in the "planned" water level reading are
- usually called "years of intensive dredging” in waterway practice. For ex-
ample, applicable to Ust'-Kutskiy water-gaging station on the Lena the on-
set of intensive dredging dates from 1961, whereas applicable to Podymakh-
inskiy water-gaging station the corresponding date is 1966.

Usually low and to some degree medium water levels are subject to change.
During high-water periods, when the volumes of the dredged channels con-
stitute but an insignificant fraction of the volume of the flow moving in
the river the level readings remain virtually unchanged. Thus, the matched
Q = f(H) curves in their upper parts merge into a single curve and some-
where in the middle parts they begin to separate, gradually increasing
this separation in the range of low levels, attaining maximum discrepanc-
ies in the case of minimum navigation levels. Such Q = f(H) curves for the
Ust'-Kutsk?y water-gaging station on the Lena are shown in Fig. 1. It fol-
lows from this figure that the merging points of the Q = £(H) curves are
"moving" points (see position of points a, b, ¢, etc.), moving upward with
an increase in the duration of the period of intensive dredging.

Without question, the annual change in the guaranteed probability of the
former readings in the direction of a decrease will be relzted to the
phenomenon of a decrease in levels. The decrease in the guaranteed proba-
bility of the former reading of the planned level with its decrease can
be so significant that it will not correspond, for example, with respect
to navigation conditions, to a particular class of internal waterways. The
approximate values of the guaranteed probabilities of the planned level

in percent for different classes of internal waterways are given in

Table 1.
nl Table 1
M,
J; g Guaranteed Probabilities of Planned
’ Level for Different Classes of
up to J Internal Waterways
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Fig. 1. Conjugation of Q = f(H) curves 1 >200 [100—~75 | 9599
for years of intensive dredging with l}ll ggg—lﬁo ?5—65 98—97
—110 5—55 | 90—95
curve for 1960. v 150—80 | 70—45 | 8593
s 110—60 50—30 | 80—91
Vi 80—45 40—20 | 78—90
KEY TO TABLE: 1) Class of internal v <60 | 2014 | 7588

waterway; 2) Guaranteed navigable depth,
cm; c) Width of channel, m; 4) Guaranteed
probability of planned level, %
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We note that the need for annual correction of the water level readings is
caused primarily by the phenomenon of their "sinking,” but the transforma-
tion of the lower segment of the guaranteed probability curve can exert

a small influence on the change in these readings. The mentioned transfor-
mation is caused by "drawing out" of the series of medium and low water
levels, imparting a definite asymmetry to this series. Accordingly, by re-
taining the guaranteed probability of the planned level constant, we can
weet with some inconsistency in the resulting readings of the planned lev-
el when using the guaranteed probability curves and the Q = f(H) correla-
tion curves, representing the planned water discharge for the earlier es-
tablished planned level reading.

Proceeding to a description of the method for computing the guaranteed prob-
ability of water levels for the navigable reaches of free rivers with in-
tensive dredging or with constant deep erosion, occurring due to the oper-
ation of hydroelectric power stations, we note that it has substantial
differences from the earlier developed method for constructing the curve
for the guaranteed probability of levels for the reaches of rivers whose
channels to all intents and purposes persist in a natural regime [1]. The
difference in the proposed computation method is that the actual series of
observations of water levels in a long-term record in this new method is
replaced using the matched Q = £(H) curves (see Fig. 1) by a fictitious
series of levels reduced to the last (n~-th) year in the series. The last
year is the only year in the series whose actual level data are not cor-
rected. Figure 2 shows the graphic procedure for scaling the factual data
on water levels for n ~ 1 years in the series to the last, n-th year in
the series, in the case of use of the matched Q = f(H) curves for the Pod-
ymakhinskiy water-gaging station on the Lena. In this figure, in order
not to complicate the picture, the Q = f(H) curves for the period of in-
tensive dredging (1966-1974) were plotted only for 1967, 1970, 1972 and
1974. An example of computation of the mean long-term guaranteed proba-
bility of the planned level applicable to the described conditions is giv-
en in the author's work [3].

Calculations of “he frequency of recurrence of the considered series of
levels are carried out in two stages: first we prepare a table of the fre-
quency of recurrence of water levels for the entire series of years in
the form of their actual excesses over the zero of the water-gaging sta-
tion, corresponding in each navigation season to the true state of the
river channel; then, using the graph of matched Q = £(H) curves (see

Fig. 2) we prepare a computed table of the frequency of recurrence of a
fictitious series of levels covering n - 1 years and related to the last
n-th year. Then a summary table of the duration (in days and months) of
the new series of water levels by vears is prepared.

A curve of the guaranteed probability of water levels is constructed on
the basis of the data in the summary table. The sought-for planned level
reading is determined on the basis of this guaranteed probability curve
for a stipulated guaranteed probability percentage (for example, equal
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to that adopted earlier -- 95.65%); at the end of the 1974 navigation sea-
son for the Podymakhinskiy water-gaging station this reading corresponds
to a value 0 cm (Fig. 3).

In constructing the guaranteed probability curve in percent it is possible
to use the following empirical formula [2]:

_ m=0,3 f
P= a0 190%,

where m is the sequence number of the term in the series and n is the total
number of terms in the series.
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Fig. 2. Q = f(H) graph used for form Fig. 3. Suaranteed probabvility curve

ing reduced series of levels to last for navigational water levels for

n-th year. Podymakhinskiy water-gaging station
on Lena with allowance for their
change at end of 1974 navigation sea-
son.

KEY:
1. Water level over "0" curve,
cm
2. Planned level

In preparing the table of the frequency of recurrence of fictitious water
levels it is also possible to use data from the annual correlation graphs
for the corresponding water levels between the considered water-gaging
station H; and the station Hy, on whose readings dredging work exerts no
influence. The use of these graphs is similar to the use of the Q = f(H)

curves described above, and they must also be represented in the form of
matched annual curves Hy = f(Hy).
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It is also not without interest to note that in case of necessity for ex-
tending the series of water level observations applicable to the state

of a river channel, in which the influence of dredging work (or deep
erosion) is not reflected, the observational data for the years of the
occurring decreases in level can be reduced to the preceding period (see
Fig. 2). In particular, the mentioned lengthening of the water level ob-
servation series makes it possible to obtain more reliable data on the
soundness of the guaranteed probability of the planned or other character-
istic water level adopted earlier on the basis of a short series of ob-
servations.

In order to estimate the change in the guaranteed probability of the for-
mer reading of the planned level in years of intensive dredging it is
necessary to use a curve of the mean long-term guaranteed probability of
navigational water levels (see Fig. 3) constructed applicable to these con-
ditions of the river reach. For the case which we considered, with the Pod-
ymakhinskiy water-gaging control station on the Lena,a distinguishing char-
acteristic is that the planned water level reading of +35 cm adopted in
this region prior to 1966 (before the process of decrease of levels) was
kept by the Kirenskiy waterway technical section in unmodified form up to
1972. In the years which followed this reading was changed to +25 cm (1973-
1974}, then to a reading +20 cm (1975-1976), next to a reading of +15 cm
(1977) and +10 cm (1978), and finally, to a "O" reading (1979). However,
this change does not reflect the actual state of affairs. Moreover, for

the organization of hydroengineering, waterway and field research work it
is very important to know how the guaranteed probability of the adopted
planned water level readings change from year to year and to what extent
these new guaranteed probabilities correspond to the standard data for the
considered class of waterway (see Table 1).

In particular, the planned levels with readings +35 and +25 cm had mean
long-term guaranteed probabilities at the end of the 1974 navigation sea-
son of 76.5 and 83.0% respectively, which is considerably lower than the
earlier adopted guaranteed probability for the planned level, equal to
95.65%. At the end of the 1975 navigation season a reading with the same
guaranteed probability of the planned water level at the Podymakhinskiy
water-gaging station was -10 cm. As might be expected, the guaranteed
probabilities of the former planned level readings +35, +25 and +20 cm
were somewhat reduced in compavison with 1974 and at the end of the 1975
navigation season assumed values 73.3, 78.3 and 81.0% respectively. How-
ever, applicable to the level data for the end of the 1976 navigation sea-
son the guaranteed probabilities of the former planned level readings

+ 35, +25 and 420 cm were reduced to 67.0, 73.3 and 75.5% respectively
and the guaranteed probability of the planned level +15 cm adopted for
1977 was already at the beginning of rhe navigation season only 78.1%
(the water level reading with a guaranteed probability 95.65% at the end
of the 1977 navigation season was close to -35 cm, anl at the end of the
1978 navigation season was already -45 cm). "
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_ It should be added that the computations which we made for the curve of
mean long-term guaranteed probability of water levels for the Ust'-Kut-
skiy water-gaging station on the Lena, situated 47.5 km above the Podym-
akhinskiy water-gaging station, in the case of scaling of the series of
years for the period 1911-1975 relative to the last year, 1975, indicated
that the "normal" guaranteed probability of the planned level 95.65% cor-
responds to a reading -100 cm. With respect to the former value of the
planned water level reading for this water-gaging station +10 cm (up to
1961), its guaranteed probability at the end of the 1975 navigation sea-
son was only 40%.

Similarly it is possible to determine the change in guaranteed probability
for any other characteristic level on the considered river reach. We will
also add that the developed method makes it possible to predict the change
in guaranteed probability of the existing planned level (or other charac-
teristic levels) also in the case of continuation of the process of a de-
crease in levels with retention of flow volume. For this purpose using
graphs of the type shown in Fig. 2 it is sufficient either to assume (stip-
ulate) the position of the Q = £(H) curve for the future, for example, for
1981 (see Fig. 2), or to construct the curve on the basis of three (or pos-
sibly more) points 1-2-3, obtained as a result of hydraulic computations
anticipated additional changes of low, medium and high levels corresponding
to the volumes of dredging work planned for this river reach. On the basis
of this same predictive computation it is possible at the same time to de-
termine the new planned water level reading corresponding to the standard
guaranteed probability adopted for it earlier.

However, it must be noted that in predictive computaticns of the level guar-
anteed probability curves one must deal with a lack of factual data on

water level observations for the future, for one or for a whole series of
years. In such cases it is recommended that one have recourse to the fol-
lowing four computation procedures.

1. Limit oneself to the available series of years of observations of water
levels, especially when it is a sufficiently long series. Such a series of
levels is also scaled applicable to the future year in which one is inter-
ested (in Fig. 2 such a series includes a 40-year period -- from 1935
through 1965 and from 1966 through 1974, the future year being 1981).

2. For the entire chronological series of water level observations construct
a successive series of annual H = f£(t) curves so as to ascertain (in years)
the duration and pattern of alternation of periods of different water vol-
ume (high-, medium~ and low-volume periods). On the basis of these data for
the future period of years it is necessary to assume the variation cf lev-
els most probable in their repetition in the future on the basis of one,
two, three, etc. actual years in the past.

3. In the initial tables the columns for the future years are filled with

- actual data on levels for particularly characteristic years: low-, medium-
and high-volume years, alternating them each time in the indiceted sequence.
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4. The actual data for the most recent years are repeated, especially when
reference is to prediction of the water level guaranteed probability curves
for the next one or two years.

With a temporary or constant cessation of the process of decrease of water
levels (in cases when over a period of years the dimensions of the water-
ways remain unchanged, no sand and gravel are exploited from the channel,
when natural evening-out occurs in the river channel, etc.) on graphs of
the type in Figure 2 and in the computavion tables for the guaranteed
probability curves there will be an alternation of intraseries (one or
more) scalings of individual years with definite groups of years charac-
terized by a "stationary" character of the levels (in Fig. 2 see the ini-
tial period 1935-1965, the period 1974-1980, which is "internal” in the
series, both in parentheses, and the final year in the series, 1981).

As an illustration of the results of computation of the water level guaran-
teed probability curves, under conditions of a decrease in these levels,

we have the curve in Fig. 3 and the data in Table 2, based on the use of
both factual annual series of level observations (1974, 1975, 1976 and
1977-1978; for 1978 we meet the phenomenon of a disruption of the process
of a decrease in levels), and with allowance for the employed fictitious
data for future years applicable to predictive computations at the eand of
the 1979, 1980 and 1981 navigation seasons, carried out under the direc-
tion of the author by the engineers T, F. Kling and L. Ye. Pleskevich, em—
ploying the above-mentioned first (see columns 7 and 9 in Table 2) and the
fourth (see columns 8 and 10 in this same table) procedures for computing
the pertinent values. It follows from the data in Table 2 that the use in
predictive computations of different procedures for the replacement of
future years by actual years in the considered chronological series is en-
tirely admissible (see the guaranteed probability values in columns 7 and 8
and also in 9 and 10). :

We also note, if we ignore the obvious change in the nature of the ground
water supply to river reaches in which a considerable decrease in the
planned level takes place, and other low levels, that is, if we ignore
some change in the water discharges in the iower part of the long~term
(and it goes without saying, also the navigational) series, and if we also
ignore the partial difference of the guaranteed probability curve itself
for the longer series of the considered river flow elements in comparison
with the shor. series, then it is possible to assume the condition of re~
tention of a constancy of the curves of long-term guaranteed probabilities
of water discharges during the entire time period with which we are con~
cerned, including a period of intensive dredging or a period of active
channel erosion. Such an assumption, adequately sound from the practical
point of view, makes it possible to avoid carrying out time-consuming an-
nual computations associated with the described method for the scaling of
actual water levels to the fictitious levels and with preparation of the
corresponding very extensiv: computation tables, repeating themselves
from year to year. For exawuple, applicakle to the data in Fig. 2 it is
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sufficient to construct the curve of long-term guaranteed probability of

water discharges a single time (either by means of direct writing of a

long-term series of discharges, or by reconstructing, using the avail-

able quasistationary Q = f£(H) graph of long-term guaranteed probability of
- water levels curve into a curve of the guaranteed probability of dis-
charges) for the period 1935-1965 when there were still no level changes.
Then, matching this curve of the long-term guaranteed probability of water
discharges with the Q = £(H) curves for the years of intensive dredging
of interest to us, it is easy to solve graphically problems relating to )
changes by years both of the percentage of the guaranteed probability of the
former planned water level reading (see the points 1, 2, 3 and 4 on the
right-hand side of Fig. 4 for the level reading +20 cm) and the very reading
of this level with its standard guaranteed probability, corresponding to a
constant value of the water discharge (in this same Fig. 4 see the points
1, 5, 6 and 7). .

Table 2

Data on Computed Readings and Guaranteed Probébilities of Planned Level for
the Podymakhinskiy Water-Gaging Station on the
Lena River

j

& g s1l 90GecncucHIOCT I pa3AtIHLX OTVeTOK NPOCKTHOTO YpoBNs no roaas, Y%
] E 5 1980 (npornos) | 1981 (nporuny)© 3
23 = ; v/
28 79 | 4 F| 22 %1; 3
ESw= [ 1974 | 19 —78 (BP0~ | 2o 2 2 oZ| PoF| Fos
+F 75 1976 1197778 suga) :2_?2 :gg .’f%é 35’,‘2
RS EEHEEH IS -1
1 2 3 4 5 6 7 8 9 | 10
- +35 76,5 733 670 | 66,0 | 62,0 | 61,5 | 61,3] 46,0 | 45,0
+25 0 78,3 733 V71,0 [ 67,5 | 67.4 | 67,0 51.5 | 49%0
+20 90,0 |- 810 755 [ 72,5 | 70,0 | 69,5 | 69.5 | 53'5 | 51.3
+15 94,0 83,3 781 | 74,6 | 74,0 | 73.6 | 72.5| 57.6 | 56.8
+10 95,9 86,9 820 | 76,6 | 750 | 73,0 | 73,0 | 60,6 | 60.0
0 9565 | 91,7 875 | 80.0 {785 | 77,2 | 77.1| 67.5 | 66.5
—10 98,0 95651 938 | 830 | 8,0 | 8.6 | 81,5 71.0 | 67.5
—20 99,0 97,3 9565 | 87,7 | 87,5 | 87,2 | 87.0| 75'0 [ 72'0
—35 59,8 99,2 90 | 93,8 | 92,0 ! 91,8 | 91.8] 792 { 77.5
—45 99,9 99,3 99,2 | 95,65 | 94,6 | 94,0 | 94,0 ] 84.5 | 84°4
) —50  [=100,0 99,9 994 | 96,5 | 95,65 95.0 | 95.0 | 8.5 | 86.5
—65 =1000 {~1000 (98,2 | 980 | 96,9 | 96,8 | 92/0 | 92’5
—80 99,6 | 99,5 | 99,4 | 99.4| 95.6 | 94.8

KEY:
1. Relative readings of planned water level, cm
2. Guaranteed probabilities of different readings of planned level
by years, %
3. Prediction
4. Using first computation procedure
- 5. Using fourth computation procedure

92

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300020010-5



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300020010-5

FOR OFFICIAL USE ONLY

Hem

] ; l' L lﬁ'_
! [
\ ; 150 7|
NG \ 7
‘ \ ‘{./; : 1 . — -,-'\‘3’;’1 i l'
P, - t 5
/W/%: 13- 3 S s, |
\V o L T
, \\\f"? AR i |
12197419005 NN S 3 [ 1974(157+ 13202 3
O
? V' /7 L 1981
! v ? < /]
1981 NN | M
'/,
! 753V
. 0
l NN VA
Y T A T 100__ J00 " SO0 700 S004 s m3}sec
] ; { [4 '
; el ’
N ~
. 2
A\
A Bl 1y
! \ S /
1 X IS ETY |
@n ! \ i ;_?il' 1 @ !
TN [ R |
- I T gV
_;*:?'JJIQ LT 4357
! I b 1P 1

Fig. 4. Graphic determination (for water~gaging station By) of the change
B in the reading and the guaranteed probability of the planned water level
_ in the case of its decrease. a) using the guaranteed probability curve
) for discharges at this same gaging station; b) using the guaranteed prob-
ability curve for levels at the adjacent gaging station Hp at which the
influence of dredging work or channel erosion is:insignificant.

In the absence o/ reliable data on the annual Q = £(H) curves for the period®
of a water level decrease the same constructions are possible applicable to
the graphs of annual correlations of the corresponding levels at two water—
gaging stations Hj = f(H2), one of which (Hp) still does not experience the

_ process described in the article and for which the long-term water level
guaranteed probability curve is comstructed once. The matching of these
categories of curves is illustrated on the left side of Fig. 4 and their
use in solving the considered problems is similar to the preceding case (in
Fig. 4 see the groups of points 8~11 and 8, 12-14).

Accordingly, it is necessary to have recourse to the use of the method for
computing water level guaranteed probability curves by using the so-called
fictitious series of levels for n - 1 years in cases when at all wa

ing stations oz a hydrologically uniform reach on a river there is the
phenomenon of a decrease in levels, when the above-mentioned assumptions
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lead to considerable errors in the results of computations, when in predic-
tive computations it is necessary to take into account different alterna-
tions of the volumes carried in the river reach in different years and in
different periods, and finally, when the available series of years of ob-
servations of water levels prior to the onset of the process of their de-
crease is inadequately long.

The use in engineering work of the described method for computing the mean
long-term guaranteed probability of water levels for river reaches with
intensive dredging or with a constant deep erosion of their channels will
make it possible to increase the quality and effectiveness of waterway and
engineering field work and also to obtain data on change in the guaranteed
probability of the planned and other characteristic water levels of pre-
ceding years, which must be known in order to evaluate the operational
qualities of navigable rivers and the hydroengineering and water intake
structures built along them. It is also important that using the described
method it is possible to make a reliable prediction of change in the guar-
anteed probability of some characteristic water levels for virtually any
time in a case of prolongation of the process of their decrease. In all
cases the developed computation method makes it possible to take into ac-
count the temporary or permanent. cessation of changes in water level read-
ings in a considered river reach.
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- UDC 556.535.5(571.24573)

SUPPORTING CAPACITY OF THE ICE COVER ON RIVERS IN THE ZONE OF THE BAYKAL-
AMUR RAILROAD DURING SPRING

Moscow METEOROLOGIYA I GIDROLOGIYA in Rusgian No 5, May 80 pp 77-84

[Article by Ye. F. Zabelina, USSR Hydrometeorological Scientific Research
Center, submitted for publication 21 November 1979]

Abstract: The author obtained the stochastic times
of onset of a definite supporting capacity of the
ice cover for a number of river reaches and develop-
ed a method for their computation which can be used
in the planning of ice roads and crossings and in
establishing the optimum regime for their opera-
tion, including for river reaches for which there
are no long-term observation series. A method is
proposed for computation and short-range forecast-
ing of onset of a definite supporting capacity of
the ice cover on rivers in the zone.of the Baykal-
Amur Railroad.

[Text] The severe climatic conditions of the zone of construction and ex~
ploitation of the Baykal-Amur Railroad cause prolonged periods of ice
cover on rivers. Accordingly, construction of different structures re-
quires solution of a number of ice engineering problems. In particular,
it is of great practical interest to use the supporting capacity of the
ice cover on rivers for carrying out different kinds of work with ice,
construction of ice roads and crossings.

The theory of computation of the supporting capacity of the ice cover has
now been well developed and great experience in its use has been accumul-

ated in practice. A sufficiently complete bibliography on this question
is given in [2, 7].

Important aspects of improvement of computations are evaluation and predic-
tion of supporting capacity of the ice cover during thaw periods.
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The ice cover during the prespring and spring periods is weakened by
through cracks, washed-out hollows and marginal breaks. It is therefore
necessary to determine the supporting capacity of a semi-infinite plate
on an elastic base with central flexure under a load at the edge of a
crack or polynia. For solving this problem D. F. Panfilov [8] proposed
a computation equation in the form

’ 375 a, A2 4, -
[0y = Oflex] R=°3h”2£+ e, @

where P is the limiting load on the ice, tons; Ofjex is the breaking
point of ice under flexure, tons/mZ; h is ice thickness, m; & = rg/Ls
(in this expression rg is the radius of an equivalent circle over whose
area the load P is distributed; this radius is found using the formula
rg = J/¥/7 , where & is the area of the load support); L is a character-
isticd of the ice cover, being a function of plate rigidity D and the
elastic base coefficient 7;

A ER
=¥ - l)::-ﬁfrr::;?r'

accordingly
'. A T
- l= l/rm‘:rﬁ
where n is the Poisson coefficient, E is the elastic modulus of ice.

ﬁ. F. Panfilov demonstrated that when O( falls in the limits 0.1-0.7 equa-
tion (1) ensures an accuracy in computations exceeding practical require-
ments. :

The principal difficulty in computing the supporting capacity of the ice
cover during spring is the choice of an acceptable value of the breaking
point of ice under flexure in connection with the rapid change in the
mechanical properties of ice during the thawing period.

The present status of investigations makes it possible to carry out an in-
direct evaluation of the strength characteristics of the ice cover

during the thawing period on the basis of the factors determining them.
The method developed at the USSR Hydrometeorological Center by 3. N. Bula-
tov [3] makes it possible to compute the thickness and strength of the
melting ice each day, beginning with the date of the disappearance of

snow from it to the moment of total loss of strength.

The relative strength of the melting ice cover 1s expressed by the relative
breaking point ¥, which is the ratio of the breaking point of melting ice
under flexure o/flex to the breaking point of ice prior to the onset of

thawing 578. In the computations Cfo was assumed to be constant, equal
to 5 kg/cm® [2]. The relative breaking point of melting ice under flexure

96

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300020010-5



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300020010-5

FOR OFFICIAL USE ONLY

¥ 1is determined in dependence on the quantity of solar radiation absorb-
ed by the ice. The computation formula has the form

o=(1- V), @

where S is the quantity of solar radiation absorbed by the ice, determining
the content of the liquid phase in the ice, Sp is the quantity of solar
radiation with the absorption of which the ice completely loses its
strength. The Sp value is dependent on the ice structure. In the above com-
putations Sy was assumed to be constant, equal to 44 cal/cm3 [2]. As a
characteristic of ice cover strength we use the product (complex) $h,
where h is the thickness of the thawing ice, cm.

Assuining 0= 0.7 and taking into account that 9= Ofjex/ > the computa-
tion equation (1) can be written in the following form

1,306.5 ¢ A2

P= e . 3
An estimate of the supporting capacity of the ice cover of rivers in the
zone of laying of the Baykal-Amur Railroad during the melting period was
made using data for six points for the period from 1950 through 1975. The
computations were made for each day using equation (3) with the correspond-
ing % and h values.

The limiting loads determined using formula (3) correspond to conditions
of ice cover destruction. The safety factor 1.6 was introduced for safe
operation of the crossing, as recommended in [5].

These computations make it possible to give a general description of the
change in the supporting capacity of the ice cover in the thawing process.
The most convenient .index of the course of decrease in the supporting cap-
acity of the ice cover is the time of onset of definite, stipulated values;
the ending of crossing of specific loads is determined by the corresponding
values.

In order to obtain the stochastic characteristics of the dates of onset of
a stipulated supporting capacity (that is, the dates corresponding to a
supporting capacity of the ice cover of not less than 30 tons, 20 tons, 10
tons, 5 ions, with the safety factor taken into account) we constructed
probability curves whose coordinates are given in the table. The computed
supporting capacity sets in no later than on the date indicated in the
table for a given probability. The table shows that the nature of the
changes in supporting capacity of the ice cover is dependent to a consider—
able degree on the maximum ice thickness. The greater it is, all other con-
ditions being equal, the greater is the supporting capacity of the ice
cover.

- It must be noted that for river reaches with an ice thickness by the onset

of thawing of 1.7 m or more the supporting capacity of the ice cover can
attain 40~50 tons. For example, for the Olekma River at Ust'-Nyukzha post
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the ice thickness by the omset of thawing in most cases is 1.7-2.7 m; the
probability that the ice cover will retain a supporting capacity of not
less than 40 tons by 15 April is 50% and by 30 March -- 5%, that is, the
crossing of such loads should end so early only once in 20 years.

The influence of ice thickness on the nature of change in supporting cap-
acity of the ice cover made it possible to generalize the computation
data and obtain a single nomogram for estimating the supporting capacity
of the ice cover for all rivers in the zone except for river reaches with
anomalous melting conditions, determined by the influence of local factors
(outlets of warm springs, etc.).

hemf

128 10 2%
180 25 50 5%

4

21 Jir 10 Jow  10¢

760

740

720t

100

Fig. 1. Nomogram for determining the dates prior to which a supporting cap-
acity of the ice cover of not less than 5 tons is retained with a stipulat-
ed probability.

Figure 1 shows a nomogram making it possible, in dependence on the norm of
the maximum ice thickness (h cm), to determine the stochastic characteris-
tics of the times by the moment of whose onset the supporting capacity of
the ice cover will be not less than 5 tons. The probable error in deter~
mining these times does not exceed +1-2 days. A similar nomogram was con-
structed for determinipg the times of onset of a supporting capacity of
the ice cover of 10 tons.

The cited nomogram can be used under the following conditions: first, the
norm of the maximum ice thickness varies in the range from 0.8 to 1.8 m,

and second, the mean long-term dates of opening-up of the rivers should
fall in the range from 28 April through 10 May. These conditions are char-
acteristic for most of the rivers in the zone of construction of the Baykal-
Amur Railroad. For using the nomogram applicable to rivers for which there
are no data on the ice thickness or whose data are inadequate the mean
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Table 1

Stochastic Characteristics of Dates of Onset of a Stipulated Supporting
Capacity of the Ice Cover on Rivers

Pexa

Mynkr

3. 4 Ilatel mactynaenna 3azaHHod

Sz FPY30HORBEMHOCTH, obecneveHnne Ha
ORI
E=g
L] g :
;gg 1% 12%]5%[10%[25%([50%|[55%
2 b
2E5

Onexma 12 | Yers-Hiokka

5 T'pysonoasemuocrs 30 T

6 | 1,82 |27 I W[ 21V 5 IV IV]I7 IV —
5 TIpysonoawemuocts 20 T
6 Onexma 12 | Vers-Hiokxa 1,82 1 1IVI41IVI8IVIILIVI7 IV|251V] —
7 Cmeunm%% Crofi6a Lol J21 1124 1|27 MIi30 11| — — -—
8 AwmryHb Hpymka L8 [17HR2m@Rs s |1 v]ow| —
5 T'pysononsemucers 10 r
6 Onexma 12 | ¥Yers-Hioxxka 1,82 | 8IVIIOIVIISIVIISIV22 IV[30 IV] —
7 Cenemaxd 3 | Crofi6a L3l j24 M7 1| 21V]31V[9ivii3Iv] —
8 Amryns 14 | Hpymka 1,28 {22 11126 (M3 M| 41V 1V]I5 1V -
_ 5 TIpysonoxvemuoctb 5 1 .
9 Ksupenra 15 { Kaszaunnckoe 0,81 (22111125 I {27 11|31 1|21V} — | .
6 Onexma 12 | ¥Yerb-Hiokka 1,82 |14 IVH7TIV22IVI2SIVII V|7V 13V
10 Hopa 16 | Yerbe davrn 1,05 (24 HI27 1| 1 IV{BIVIT IVI6 1VI20 1V
7 Cenemaxadl 3 | Crofi6a 1,31 |27 HI @1 0| 51VI91IV 41V 191V |22 1V
11 Bwcca 11 | Buicca 0,87 |23HI126 IS0 NI 1IVI]41IV]8IVILl IV
8 Awrymb 14 | Upymxa 1,28 J28 HI|{ 31V |7 IV[I1 IV {16 1V{22 IV |26.1V
KEY:
. 1. River
2, Statdion
3. Norm of maximum ice thickness, m .
4. Dates of onset of stipulated supporting capacity, ensured by...
5. Supporting capacity...tons
6. Olekma
7. Selemdzha
8. Amgun'
9. Kirenga
10. Nora
11. Byssa
12. dUst'-Nyukzha
13. Stoyba
14. Irumka
15. Kazachinskoye
16. Ust'ye El'gi
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long-term maximum ice thickness can be determined from the map cited in

[41.

It must be noted that on such rivers as the Vitim, Chara, Goudzhokit, trib-
utaries of the Aldan and a number of refreezing rivers the opening-up
usually occurs later -- in mid-May. In these cases one must expect a great-
er supporting capacity of the ice cover on these same dates.

For the proper operation of crossings and carrying out work on ice it is
very important to predict the times of onset of a definite supporting cap-
acity of the ice cover in each year. For this same purpcse it is also pos-
sible to use computations by the S. N. Bulatov method [3] with the use pf
the program which we proposed. It is difficult to carry oat such computa-
tions by the S. N. Bulatov method under the real conditions of prediction

in the field due to the excessive work imvolved in making these computations
without an electronic computer. This makes it necessary to seek more ac-
cessible methods for precomputing the strength of the ice cover and the
dates of onset of a definite supporting capacity.

We recall the availability of the V. M. Timchenko formula [11] for deter-
mining the complex jPh in dependence on the number of days of melting n
and on the thickness of the ice cover on the first day of melting hp, that
is, on the first day after disappearance of the smow from the ice cover.

;0h=h0<1-/*_ _a.}ﬁéz “4)

This dependence was derived in the example of the Ussuri River using data
for eight points for an ice thickness not exceeding 100 cm and for per-
iods of thawing of the ice cover not exceeding 30 days. The %h values
computed using formula (4) reflect the mean characteristics of decrease

in strength for a particular ice thickness and the possible minimum values
of the ¥h complex are not taken into account.

On the considered rivers the thickness of the ice cover by the beginning

of thawing during the period from 1950 through 1975 changed on the Sel=--
emdzha at Stoyba post from 80 to 220 cm and the thawing time varied from

26 to 38 days; on the Olekma at Ust'~Nyukzha post — .from 116 to 270 cm
with a thawing time from 30 to 50 days. Accordingly, computations of the
%h complex using equation (4) for a number of years gave results differing
greatly from the true figures.

Below we outline a method for precomputing the strength of the ice cover
and the dates of onset of a definite supporting capacity, developed in

the example of the Selemdzha and Olekma Rivers.

Without ﬁuestion, the intensity of thawing and the decrease in the strength

of the ice cover are determined primarily by the arrival of heat at its
surface. The heat receipts at the ice cover can be calculated by computing
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the heat exchange q on the basis of meteorological data. The q value con-
sists of the specific values of receipts of the heat of solar radiation
qg, heat exchange due to evaporation (condensation) LE, convective heat
exchange P, 2ud effective radiation Loff-

q = qg + LE + P + Ig¢s. (5)
The heat exchange components can be computed using formulas recommended
- in [3].
o CoT e
gruliesroym) q call (cm?.da "

Jzot
Hoy

160¢

o
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0 41w 20 X100 207
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Fig. 2. Nomogram for determining the specific daily heat exchange at the
- surface of the ice cover of rivers in the zone of the Baykal-Amur Rail-
road on the basis of mean daily air temperature and date.

The computation nomogram shown in Fig. 2 was comstructed on the basis of
equation (5) using data for Stoyba meteorological station in accordance
with the recommendations in the manual [9]. Using such a nomogram it is
possible to determine the heat exchange through a unit (cm2) of the upper
surface of the ice cover in a day on the basis of the date and the mean
daily air temperature. The heat exchange values obtained using the nomo-
gram are used as the specific values of the daily heat exchange q cal/(cmz'
day).

In constructing the nomogram the computations of the resulting heat ex-
change values q were made on the 15th of each month, in this case March,
April and May, for each whole degree of mean daily air temperature from
=4 to +15°C. The albedo was assumed to be constant for the thawing period,
equal to 0.35. The cloud cover and mean daily wind velocity were assumed
to be constant in acecerdance with data from many years of observations at
Stoyba meteorological station [10]. The mean daily vapor elasticity in
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the air was determined from a graph showing the correlation with mean
daily air temperature.

Since the route of the Baykal-Amur Railroad extends latitudinally in the
limits 51-57°N it can be assumed that the difference in the mean long-
term receipts of solar radiation is small and the influence of this fac-
tor is the same over the territory. The nomogram (Fig. 2) can therefore
be recommended for computing the heat receipts by the ice cover on all
rivers of the Baykal-Amur Railroad zone.

It must be noted that the heat sums determined using the nomogram must be
regarded as relative characteristics of thawing of the ice cover since
they do mot reflect the singularity of the heat balance of thawing ice
[2]. The process of thawing and destruction of the ice cover is determin—
ed not only by the total quantity of heat expended in melting, but also by
the nature of the effect exerted on the ice by individual heat exchange
components. In particular, in the zone of the Baykal-Amur Railroad the
snow frequently disappears long before the appearance of a positive heat
balance at the surface of the ice cover, after which, as a result of the
intensive influx of solar radiation during spring, there is thawing in
the ice layer. Within the ice there is formation of fluid inclusions and
fluid layers between crystals. The presence of the liquid phase in the
thawing ice is the basic reason for the decrease in its strength.

For those cases when the heat balance at the surface of the ice cover dur-
ing 2 number of successive days has a minus sign, proceeding on the basis
of the concepts concerning the processes transpiring during melting of

the ice, it was agreed that the following procedure be adopted for deter-
mining q. The period during which a negative heat balance is observed is
broken down into three~day intervals. In each interval we determine the
mean daytime reduced cloud cover N, then the sum of the mean daily nega-
tive air temperatures 6, from which a value equal to -20°C is then sub-
tracted and the duration (in days) of the period D from 20 March to the
mean date of the considered interval is determined. The computation for-
mulas have the following form

when 0<N<2 q=9,77 D+7,50 0+72, (6)

when 3<N<7 q4=17,52 D+17,5008+32, (7

if N> 7, then q 1s assumed equal to zero.

Thus, with the use of the nomogram (Fig. 2) and formulas (6),- (7) it is
possible to determine q during all the days after the disappearance of
the snow and the total heat receipts P T
Q“‘E []]
i=1
for the entire thawing period.
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It was established that at Stoyba post on the Selemdzha River and at Ust'-
Nyukzha post on the Olekma River the dependence of the value of the 9’h
complex, characterizing ice strength, on the quantity of heat incident on
the ice cover during a period of thawing.can be expressed using the empir-
ical formula

oh=ae*?+4¢,

- + ®

where Q is the total heat receipts on the computation date, a, b, ¢ are
parameters which are established empirically for the computation points.

Taking into account a definite degree of risk in the planning of ice roads
and crossings, the parameters a, b, ¢ in formula (8) were selected in such
a way that the values of the %¥h complex were the minimum of those possible.
For this purpose, during the period from 1950 through 1975 we constructed
graphs showing the correlation between the parameters a and c and the
thickness of the ice cover on the first day of thawing. The lower enve-
lope of the field of points was drawn on the graphs.

The derived dependences are approximated by the following equations:
for the Selemdzha River at Stoyba post

. a=11,0+0,56 A, (9
¢ =1514,0 ™% % L 0,33 4, — 3926; (10)

for the Olekma River at Ust'—Nyukzha post
a=4,764-0,68 A,

c=227,3 e *™ M . 0,45 &, — 66,0,

(11)
(12)

where hg 1s the thickness of the ice cover on the first day of thawing,
cm. The parameter c when the ice thickness is less than 100 cm must be as~
sumed equal to 0. The b value for both points is equal to 0.001.

A guaranteed prediction of the onset of the times of reaching of a definite

supporting capacity is prepared using the following scheme. First the date
- of onset of ice melting is determined. The first day of ice melting is the
day following the date of sunow disappearance. The latter is computed. Then
successively, day after day, the nomogram (Fig. 2) is used in determining
the heat receipts with the possible advance time and equations (8) and (3)
are used in precomputing the ¢h complex and the supporting capacity of
the ice cover. The date adopted for the onset of a definite .supporting
capacity is that on which for the first time, with the strength safety
factor 1.6 taken into account, there is satisfaction of the condition PPy,
where Py 1s the stipulated supporting capacity for which computations are
. made in the prediction.
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The adopted prediction model excludes cases of the onset of a stipulated
supporting capacity earlier than the predicted date. In 50% of the cases
the actual dates are up to two days later and in 30% of the cases —— up to
4-5 days later than expected.

It should be noted that if an error in prediction in the early direction,
at least in the range of two days, is considered admissible, then in 84%
of the cases the error will not exceed the limits +2 days.

As is customary in short-range ice forecasts, in pPreparing this type of
prediction use is made of an air temperature forecast for 3-5 days in ad-
vance., Accordingly, the advance time of the prediction will be determined
by the advance time of the temperature forecast. Long-term experience in
the preparation of short-range predictions of the freezing and opening-up
of rivers indicates that the use of a temperature forecast does not sub-
stantially reduce the probable success of these predictions in comparison
with the guaranteed probability of the method [1].

The materials presented abbve make it possible to conclude that the sup~

. porting capacity of the ice cover on rivers of the Baykal-Amur Railroad
zone during spring persists for a considerable time after its weakening
by thawing processes.
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UDC 632.11:633.11(574.11)

CORRELATION BETWEEN THE YIELD OF WINTER WHEAT AND PHOTOSYNTHETICALLY
ACTIVE RADIATION

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 5, May 80 pp 85-92

[Article by Candidate of Agricultural Sciences L. G. Pigareva, West Kazakh-
stan Agricultural Institute, submitted for publication 28 November 1979]

Abstract: The author has demonstrated the in-
fluence of agrometeorological conditions pre-
vailing in the autumn, winter and spring-summer
periods on the yield of winter wheat grain. In
the example of the production of sown crops the
article demonstrates the effectiveness of use of
photosynthetically active radiation by wheat
plants in the case of a north-south orientation
of the plant rows.

[Text] In the grain zone of northwestern Kazakhstan the highest percentage
of sown areas is occupied by spring wheat. However, a comparative analysis
of the change in the yleld of spring wheat of the Saratovskaya-42 variety
and winter wheat of the Mironovskaya-808 variety during the last five
vears (1974-1978) shows that winter wheat should occupy a leading place
among the other grain crops (see Table 1).

Winter wheat has{aLgreater yield than spring wheat; it reacts considerably
better to favorable agrometeorological conditions, ensuring a very high
yield (41.3 centners/hectare in 1978) and sharply reducing it in years
unfavorable for the wintering of crops (9.4 centners/hectare in 1977).

In evaluating the agroclimatic resources for the yield of winter wheat,

A. R. Konstantinov [1] notes that isolines pass through Ural'sk and Aktyu-
binsk (northwestern Kazakhstan), to the east of which its yleld is reduced
by 50-75% as a result of a deterioration of wintering conditions.

The -great value of the Mironovskaya-808 variety encouraged us in an attempt
to find in the first approximation, at least, the dependence of the yield
of a particular "regionalized" variety on the agrometeorological indices
and obtain some idea concerning the rationality of cultivating a partic=~
ular crop under the conditions of the very continental climate of our zone.
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Table 1

Yield of Winter and Spring Wheat (Centners/Hectare) at the Zelenovskaya
Strain-Testing Station in Uralskaya Oblast

Cpentiee 2

Copr 1974 | 1975 | 1976+ | 1977 | 1078
1 HaHM,— 3
HanGoanur,

25,0

| 913
166

FA—337

4 Muponosckan-808 36,8 ‘ 12,5 133 94 - 41,3

5 Capatoscxan-42 216 53 174 6,0 33,7

6___* Ypoxailnocts no 3escHosckoMy pafioHy B HenoM

1. Variety

2. Mean

3. Minimum-maximum

4, ‘Mironovskaya-808

5. Saratovskaya-42

6. Yield for Zelenovskiy Rayon as a whole

Tt

1500}

1500 -
1490+
1300 -

- .
200 ¢

- o

n o1 i )
700 Ity,'C

L 1 n
sa0

Fig. 1. Dependence of sum of negative temperatures during the winter period
on the sum of mean daily July temperatures.

An analysis of available data from the Hydrometeorological Service, state
strain-testing stations in Ural'skaya Oblast during 1964-1978 and also

our field crops on farms and the results of experiments in the experimental
field of the West Kazakhstan Agricultural Institute during 1974~1978 re-
veals a high dependence of the yield of the Mironovskaya-808 variety on
agrometeorological indices. For example, in such five-year periods as 1965-
1969, 1970-1974 and the last four years (1975-1978) there was an increase
in the amplitude of variation in the yield of 17.9, 30.4 and 31.9 centners/
hectare respectively. At the same time, the indices of the mean yield for
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the indicated periods (12.1, 18.0 and 19.1 centners/hectare) once again
confirm the assumption that under the conditions prevailing in northwest-
ern Kazakhstan the moisture supply limits the effectiveness of the use of
the heat supply and solar radiation by plants.

The complexity of use of the "weather-yield" problem with respect to winter
wheat is also governed by the fact that the two periods defined in its ac-
tive growing season are separated; on their agrometeorological conditions
is dependent to a large extent whether or not there will be a spring-svmmer
growing season for the particular crop.

The sowing of winter wheat of the Mironmovskaya-808 variety under the condi-
tions prevailing in northwestern Kazakhstan is carried out for the most
part in the third 10-day period of August when the mean daily temperatures
during the sowing-sprouting period attain 18-19°C and the moistening coef-
ficient (Kyoigy = % h/0.45Ld, where T h is the sum of falling precipita-
tion in mm,  d is the sum of the mean daily dew-point spreads) for August-
September varies from 0.01 to 0.60.

Data on the mean yield of this variety at seed selection stations in Ural-
skaya Oblast during 1965-1978 show that with their increasing distance

from north to south there was a decrease in the moistening coefficient from
0.15 at the more northerly Zelenovskaya station to 0.12 at the more south-
erly Dzhambeytinskaya station which caused a decrease in the mean crop yield
-- from 16.2 to 9.7 centners respectively. And the high correlation coef-~
ficient between the grain yield and the moistening coefficient (0.688) is
evidence of the important role of moisture supply conditions of the autumn
period in the fate of the future yield.

_ P - . 2
Z02-4,2-0aw/n? photosynthetically active radiation..,J/m
7 N i

7 ~ v, I
Yyl 1 N2 N . NG
76 e 1’ {,/'v"*" NN
l Ky /
i
15 L osf 90F J
. G z
Y aF [ !
\ 70 g
1) S
R

1355 1965 1568 1979 912 1974 1976 1978 .

Fig. 2. Dependence of grain yield of winter wheat Mironovskaya-808 (1) on
sum of photosynthetically active radiation (2) during spring~summer growing
season and moistening coefficient (3) during agricultural year.

1) photosynthetically active radiation...J/mz; 2) yield, centners/hectare;

3) Kmoist
- . 108
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A thorough analysis of the influence of meteorological conditions of the
winter period (depth of the snow cover, depth of soil freezing, sum of
negative temperatures by months, absolute and mean minimum temperature of
the air, soil, etc.) on the yield of grain of the Mironovskaya-808 variety
indicated that the highest correlation coefficient (~0.625) is noted be-
tween the yield and the sum of the mean daily negative temperatures

(2 t<o°c) of the autumn-winter - early spring period. In such years as
1967, 1969, 1972, 1976 and 1977, when the sum of negative temperatures
attained 1,500°C or more, at the state strain testing stations there were
areas either of death of crops or a miaimum yield (in the range 2.0-3.1
centners/hectare). Our further investigations indicated that the indi-
cated sum of negative temperatures usually corresponds to a low moisten-
ing coefficient for the autumn period (August-September) and a definite
sum of the mean daily temperatures in July.

We found a high correlation coefficient (0.630) between the sum of mean
daily temperatures in July and'the sum of mean daily temperatures during
the subsequent cold r2riod. It was established that a sum of mean daily

- temperatures in July from 600 to 700°C corresponds to a sum of negative
temperatures from 900 to 1,300°C (Fig. 1), that is, a sum of temperatures
relatively favorable for the wintering of crops of the Mironovskaya-808
variety. Beyond the limits of these temperatures, both less than 600°C and
greater than 700°C, the sums of negative temperatures attain 1,500°C or
more. Thus, the sums of mean daily temperatures in July, on the one hand,
and the moistening coefficient in August, on the other hand, indicate
the degree of rationality of sowing of winter wheat in a specific year.
The mean yield of winter wheat during 1965-1978 .(Zelenovskiy rayon and
Zelenovskiy strain testing station) was 16.2 centners/hectare. However,
during years when the percentage of wintering plants attained more than
80 it rose to 20.9 centners/hectare.

The extent to which wintering conditions exert an influence on the grain
yield is also indicated by the following facts: wheat not sprouting in
autumn (Dzhambeytinskiy state strain testing station, 1967 and 1972), with
a sum of negative temperatures in the winter period 1,200°C and 1,250°C,
gave a yield of 16.5 and 11.4 centners/hectare respectively.

For wintering plants we found a high correiation coefficient (0.814) be-
tween the yileld and the reserves of productive moisture in the soil layer
0-100 cm at the beginning of the spring growing season. This indicates
that the spring moisture supplies in the soil are a highly important
agrometeorological "inertial factor," exerting a considerable influence
on the grain yield.

We also found ‘a high dependence (r = 0.757) between the yield of winter
wheat of the Mironovskaya-808 variety and the moistening coefficient dur-
ing the agricultural year, which is clearly traced on the graph (Fig. 2).
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An analysis of this graph indicates that the low moisture reserves in the
soll in such years as 1967, 1969, 1972 and 1977 correspond to low moist~
ening coefficients 0.22, 0.23, 0.20 and 0.23 and as a result -- low grain
yields: 2.5, 2.1, 6.4 and 9.4 centners/hectare. In years when the reserves
of productive moisture are greater than 50% of the field moisture capacity
a high yield also corresponds to a high moistening coefficient.

An analysis of the data in Fig. 2 also shows that in years with identical
moisture reserves in the soil layer 0-100 cm at the beginning of the
spring growing season and a relatively identical moistening coefficient
the high sum of photosynthetically active radiation during the period of
the spring-summer growing season in these years also causes a higher grain
yield. This dependence is traced in such years as 1966 and 1976, 1969 and
1972, 1968 and 1971, 1970 and 1974, 1970 and 1978, 1974 and 1978.

In a comparison of the indices of receipt of photosynthetically active
radiation during the period of the spring-summer growing season and the
moistening coefficients at the northern Zelenovskaya and the more southerly
Dzhambeytinskaya state strain testing stations it was noted that with an
increase in the receipts of energy of photosynthetically active radiation
during the indicated period with movement from north to south through Ural'-
skaya Oblast the grain yield increases even with relatively lesser moisten-
ing coefficients. On the basis of these data it can be concluded that photo-
synthetically active radiation under the conditions of our zone is an im-
portant agrometeorological factor governing the formation of the yield of
winter wheat grain.

An analysis of available data for Ural'skaya Oblast for 1964-1978 indicated
that the correlation coefficient between the grain yield and the sum of
photosynthetically active radiation with a moistening coefficient from
0.16 to 0.20 is -0.326. This indicates that with a moistening coefficient

. less than 0.20 the solar radiation is excessive for winter wheat plants.
However, with a moistening coefficient greater than 0.23 the dependence
between the grain yield of winter wheat and the sum of photosynthetically
active radiation during its spring~summer growing season increases consider-
ably (r = 0.821). In the autumn winter wheat growing season we did not find
a high dependence between the solar radiation elements and the grain yield.
This is attributable to the low moistening coefficient for this period.

Solar radiation is a highly important climatic factor exerting a great in-
fluence on all aspects of the life of plants. For the plant organism the
duration of the solar day, the quantity and quality of solar radiation are
vitally important factors regulating the develupment and maturing of plants,
the grain yield and its technological indices. .

The 1ife of plants is dependent to a considerable degree on the heat and
water regimes, on soil conditions, agricultural techniques, etc. The sig-
nificance of these factors in the formation of the future yield of agri-
cultural crops has been studied relatively completely, whereas until recent-
ly inadequate attention has been devoted to the study of the role of solar
‘radiation for a number of reasons.
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Solar radiation is absorbed in the photosynthesis process. The greatest
effectiveness of photosynthesis requires not only the creation of a
favorable medium, but also the directing of the plant growth processes
in such a way that they give the maximum, most valuable production for
man.

As early as 1882 I. A. Stebut noted that the illumination of plants and
their use of solar energy considerably change in dependence on the direc-
tion of sowing of agricultural crops.

It has now been established that the upper erect wheat leaves transmit
solar light better at midday and more effectively absorb it in the morning
and evening hours (F. Mota, M. Acosta, 1970; Ch. Baldy, 1973). G. P. Mak-~
simchuk (1970) points out that with a slope of the leaf blade of 87.3° the
wheat grain yield is 23.9 centners/hectare, whereas with a slope of 33.2°
it is 34.7 centners/hectare. It has been calculated that the photosynthetic
potential of the upper leaf and the upper internode determines 60-80% of
the yield (J. Spiertz, B. Hag, 1971).

In order to study this problem, during 1974-1978 in an experimental field
of the West Kazakhstan Agricultural Institute and at sovkhoz enterprises
in the oblast we carried out experiments with the sowing of winter wheat
of the Mironovskaya-808 variety in rows with a north-south and west-east
orientation.

The actinometric and meteorological measurements made during the period
from sprouting to gold ripeness indicated that the plants in rows with a
north-south and west-east orientation were exposed to different microcli-
matic conditions. The results of measurement of the total solar radiation
and air temperature both in rows with different orientation of sowing and
in open sectors of fields indicate that the daytime variation of solar ra-
diation in rows with a north-south orientation has two clearly expressed
maxima: the first from 0700 to 1000 hours and the second from 1500 to 1700
hours. :

Converting the indices of the curve of varilation of total solar radiation

to energy units, by means of computations it was established that winter
wheat plants in rows with a north-south orientation in the morning hours
(from 0700 to 1000 hours) receive an energy of 0.99 cal/cm? per minute,

and in the evening hours (from 1500 to 1700 hours) -- 0.71 cal/cmZ, where-
as in rows with a west-east orientation -- 0.40 and 0.57 cal/cm2 respective~

ly.

Accordingly, plants in rows with a north-south orientation receive an ener-
gy in the morning hours which is 2.5 times greater and in the evening hours
which is 1.3 times greater than in rows with a west-east orientation.

With an Increase in solar altitude the plants in rows with a north-south
orientation exhibit a considerably slower ‘increase in leaf temperature and
at midday it is usually 0.5-1.5°C lower than in rows with a west-east ori-
entation. The wind velocity in rows with a north-south orientation from 1000

111
FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300020010-5



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300020010-5

FOR OFFICIAL USE ONLY

to 1700 hours attained 0.1-0.3 m/sec, whereas in rows with a west-east ori-
= entation a calm was noted.

It is entirely evident that a change in solar radiation leads to a change
in air and soll temperature. As indicated by our measurements, the air
temperature curve for midday in rows with a west-east orientation rises
considerably higher thun for rows with a north-south orientation, attaining
differences among the plants of 5°C, and at the soil surface greater than
7°C. The mean daily (from 0400 to 1900 hours) temperature in rows of plants
with a west-east orientation (27.1°C) is higher than in rows with a north-
south orientation (26.6°C) by 0.5°C. This difference arises due to the fact
that from 1000 to 1700 hours plants in rows with a west-east orientation

in comparison with those having a north-south orientation are at a lesser
angle of incidence to the solar rays.

All these factors (maximum content of physiologically active radiation in
the morning and evening hours and its direct access to plants, great re-
ceipts of total solar radiation, lower air and soil temperature at midday,
presence of air mass circulation, enriching plants with carbon dioxide and
increasing photosynthesis), characteristic for rows with a north-south ori-
entation, exert a greater influence on structural elements of the wheat
yield in comparison with wheat in rows having a west-east orientation.

The reaction of winter wheat plants to the rays of the rising sun, that is,
to orange-red rays, is manifested as follows: the highest percentage of
ear emergence for rows of both north-south and west-east orientation be-
gins with the part of the stem turned toward sunrise. The north-south ori-
entation of the crop ensures direct access of the energy of photosynthet-
ically active radiation, whereas in rows with a west-east orientation the
plants considerably shade one another.

As noted by P. V. Denisov (1970), a study of the yield structure in turn
makes possible a more thorough understanding of the nature of the yield, a
more complete clarification of the potentialities of individual varieties
and favors the dcrelopment of procedures exerting a positive influence

on individual yield structural elements.

Table 2 gives the characteristics of individual structural elements of the
yield of winter wheat in dependence on orientation of the crop rows. The
data in this table, prepared using the data from our experiments carried
out in the institute's experimental field in 1974-1978, indicate that in-
dividual structural elements of the yield of winter wheat in the case of a
north-south orientation of the crop rows are characterized by higher in-
dices. For example, as an average during the investigated period the num-
ber of plants remaining intact at the time of harvest, productive bushi-
ness, mass of 1,000 grains and the number of grains in a wheat ear of the
Mironovskaya-808 variety were, in the case of a north-south orientation of
the rows 64%, 2.0, 35.3 g, 27 grains respectively, whereas in the case of
a west-east orientation — 58%, 1.9, 33.9 g, 24 grains respectively.

112

FOR OFFICIAL USE ONLY

Nk L e

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300020010-5



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300020010-5

FOR OFFICIAL USE ONLY

Table 2

Dependence of Structural Elements of Yield of Winter Wheat, Mironovskaya-
808 Variety on Orientation of Crop Rows. Experimental Field, Agricultural
Institute, Ural'skaya Oblast

Opuentanus 1 1975 1977
Piiakos nocena Ll 20 3] 4]l s 1) 201 3] 4] s
2 Cenep—ior 51 22 127,31 1,1 | 8,9 63 25 [ 31,0} 1,3 {13.4
3 Bocrox—3anan 45 20 (25,7 1,0 7,1 60 23 129,71 1,2 [ 10,0
4 Pasnocts 6 2 1,61 0,1 1,8 3 | 2 1,3 0,1 3.4
Opwenrauun | 1978 Cpeaec 32 3 roga
PAZKOB nlocesa vl 2] 3] a| s ol 2] s8] a] s
2 Cesep—ior 79 1-33 |47,6] 3,5 |48,2] 64 27 1353 2,0{23,5
3 Bocrok—3anan 69 30 (46,2 3,4 | 44,1 58 24 133,91 1,9120,4
4 PasnocTs 10 3 1,4 0,1 4,1 [ 3 1,41 0,1 3,1
Note: 1 ~— percentage of plants remaining intact at harvest time, 2 - num~
ber of grains in ear, 3 -- mass of 1,000 grains, 4 -~ productive bushi-

_ ness, 5 -- yield, centners/hectare

KEY:
- 1. Orientation of crop rows
2. North-south
3. East-west
4. Difference
5. Average for three years

An analysis of the collected data indicated that the winter wheat plants
in rows with a north-south orientation had a better-developed leaf sur~
face and root system; in the long run this gave a higher grain yield. The
average grain yield increment for the three years (1975, 1977, 1978 -- see
Table 2) is 3.1 centners/hectare. The more favorable the agrometeorological
conditions developed, the more effective sas the reaction of the plants to
the course of solar radiation in rows with a north-south orientation in
comparison with a west-east orientation.

For example, in 1975, an arid year with a moistening coefficient 0.16, the
increment of the yield of winter wheat in the case of sowing in rows with

a north-south orientation, in comparison with a west-east orientation, was
1.8 centner/hectare. In 1977, when the moistening coefficient was 0.23, the
increment increased to 3.4 centners/hectare, whereas in 1978, a crop year
favorable with respect to agrometeorological indices, the increment in the
yield of the varieties Mironovskaya-808 and Yershovskaya-3 attained 4.1
centners/hectare.
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Table 3

Dependence of Yield of Winter Wheat Graim, Mironovskaya-808 Variety, on the
Orientation of Crop Rows. Sovkhoz imeni Frunze, Zelenovskiy Rayon,
Ural 'skaya Oblast

SkoHOMIueCK It
Ypoxait 3apdexT or
Tox OpHentauua paaxos rﬂ‘:‘;‘::." 4 npHGaBKH 7
1 nocesa ) a ,
san., B UeHT-
4's u/aa6 Hepaxg B py6asx 9
1975 cepep—ior }:9 274 3014 11,0 8768 7540
BOCTOK—3anaz 400 3120 7.8
npu6aska 12 3.2
1976 cesep—ior 2 56,0 28,0 6,0 52
BOCTOK-—3anax 50,0 25,0
npu6apka 3,0
1977 cesep—ior 663 6019 9,1 861,9 7412
GOCTOK—3anan 779 6071 78
npubaska 1,3
1978 cegep—ior 1306 51075 39,1 5354,6 | 50654
BOCTOK—3anaz, 375 13139 35,0
npitbaska 4,1
~Cpennee 3a cecep—ior 21,8 7099,3 } 65658
1975—1978 rr. | cocrok—z2anaa 189
npibaska 2,9
KEY:
1. Year 8. In centners
2. Orientation of crop rows 9. In rubles
3. Sown area, hectares 10. North-south
4. Yield 11. East~west
5. Gross, centners 12. Increment
6. Centners/hectare 13. Average for 1975-1978
7. Economic effect from increment .

The introduction of the results of our experiments with the sowing of win-
ter wheat in rows with a north-south orientation into production work at
the sovkhoz imeni Frunze in Zelenovskiy Rayon in 1975-1978 (Table 3) en~-
sured a mean yield increment in comparison with rows of a west-east ori-
entation of 2.9 centners/hectare and management without the slightest ad-
ditional expenditures during these years obtained an additional 7,099.3
centners of high-quality grain or 65,658 poods. The effectiveness of the
rational use of agrometeorological resources was especially manifested

in 1978 when the increment of the grain yield from each hectare was 4.1
centners.,

Thus, field plantings of winter wheat confirmed the importance of timely
allowance for and rational use of solar radiation in increasing grain pro-
duction in our zone.
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Summary

1. The wintering of winter wheat under the conditions prevailing in north-
west Kazakhstan with a small snow cover has a maximum dependence on the
sum of negative mean daily air temperatures during the particular period.

2. With an increase in the sum of photosynthetically active radiation dur-
ing the spring-summer growing season for winter wheat, in the case of a
satisfactory moisture supply (moisture reserves in the soil greater than
50% of the potential moisture or Kp,jg¢ > 0.23), there is also an increase
in the grain yield. :

3. A north-south direction of rows for the winter wheat crop is an impor-
tant agroengineering procedure for the more effective use of photosynthet-
ically active radiation for increasing the winter wheat grain yield.
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UDC 551.553.6

FREQUENCY OF OBSERVATIONS FOR COMPUTING THE PERIOD OF RECURRENCE OF
WIND VELOCITY EXCEEDING A STIPULATED LEVEL

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 5, May 80 pp 93-9%4

[Article by Candidate of Technical Sciences I. A. Savikovskiy, Belorussian
Territorial Hydrometeorological Center, submitted for publicatiom 27 Aug-
ust 1979]

Abstract: The author demonstrates the incorrect-
ness of computation of the period of recurrence

T when using a great frequency of observations.
Such computations lead to T values which are too
low and which have no real meaning. The need is
pointed out for a correct definition of the con-
cept "case with a wind velocity exceeding a stip-
ulated level" and the advantages of use of diurnal
maxima are pointed out.

[Text] In computing the probability F(u) that the wind velocity v will ex-
ceed 'a stipulated level u by the Anapol'skaya-Gandin method [1] use is
made of the totality of regularly scheduled observations. Usually F(u)

is used to compute the period of recurrence T -- the mean number of years
corresponding to one case with v>u:

1 1
T=Frar < s €y

Here N and n are the numbers of observations in a year and a day respective-
ly. The authors of the method [1] stipulate that four regularly scheduled
observations are used.

The processing of wind observations with different numbers of observation
times was carried out, in particular, by S. D. Koshinskiy and L. S. Rudo-
va [4]. They confirmed the natural assumption of a nondependence of F(u)
on the number of observation times (in the case of a sufficiently long
series). It therefore follows that it is possible to determine F(u), for
example, on the basis of four regularly scheduled observations and cal-
culate T using formula (1) for observations made hourly, once each three
hours, etc., regardless of their actual frequenmcy. In this case T will be
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inversely proportional to the frequency of observations n adopted for com-
putations. The problem arises of the choice of n.

The authors of [3, 5] advance the idea that preference should be given to
large n. It is correctly noted that in the case of small n some of the
wind strengthenings occur between the observation times and are not taken
into account. However, it escapes their attention that in the case of a
high frequency in each interval with v>u there will be several observa-~
tions, each of which in the computation of T will be incorrectly taken
into account as an individual case. (The fact that the adopted frequency
of observations inm actuality is not adhered to, but is only "fitted into
the computations," does not change matters.)

A. D. Drobyshev [3] proposes that the point of departure should be contin-
uous observations, the number of which per day is 24, divided by the averag-
ing period (in hours), in particular, 720 in the case of a two-minute per-
iod and 28,800 in the case of a three-second period (gusts). We will as-
sume that once in 100 years the velocity, measured with 3-second averag-
ing, in the course of 5 minutes exceeds 30 m/sec. There are 100 "cases"

of exceeding of the mentioned velocity and therefore the period T of re-
currence of v 30 m/sec is equal to 1 year. Such a T is a.purely formal
characteristic and does not have practical meaning.

The authors of [5] propose that n = 24 or 144 (continuous observations with
10-minute averaging). In the latter case it is "recommended that there be
an increase in the calculated velocity, computed from four regularly sched-
uled observations...by 15~20%." This is equivalent to proposing retention
of the computed velocities obtained for n = 4, but with a decrease of all
the corresponding T periods by a factor of 36. In our opinion the results
of such scaling are without practical sense.

The reason for the unjustified use of formula (1) is the absence of correct
definition of the concept "case with v> u," which is necessary if we use
the characteristic "mean number of years per ome case." We will examine
some possible definitions.

1. A "case'" means an individual observation. With n = 4 the definition is
applicable because the computed u usually do not include several observa-~
tion times in a row.

2. A "case" is the time interval during which v> u persists without inter-
ruption (this "continuity' must be rationally determined). It is desirable
that the interval between observations correspond to the mean duration t
of such an interval, that is, n = 24/t. With a lesser frequency some of
the intervals will be missed, whereas with a greater frequency one case
will be noted as several. Unfortunately, in this case n will be different
for different u (and to one degree or another will be local).
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3. A "case" 1s a 24-hour period during which at least at some moment v>u.
Such a definition evidently corresponds to a higher.degree to practical
requirements than the preceding definitions. It requires computation of
F(u) on the basis of diurnal maxima, not on the basis of regularly sched-
uled observations. Since at the present time the diurnal maximum is ob-
tained on the basis of data from continuous tracking of wind velocity,

the problem of the frequency of observations is completely eliminated.

If u is so.great that v>u, as a rule occurring not more than one day a
month, close results should be obtained by computations using the VNIIE
method {2], using monthly maxima.
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UDC 551.46:574.5

INFLUENCE OF SOME HYDROMETEOROLOGICAL FACTORS ON THE "BLOOMING" OF
WATER IN RESERVOIRS

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 5, May 80 pp 94-96

[Article by Candidate of Geographical Sciences B. I. Novikov, Hydrobiology
Institute Ukrainian Academy of Sciences]

Abstract: A study was made of the movement
of blue-green-algae in disperse and aggre~
gated states (spots and "blooming" fields)
under the influence of runoff and wind-in-
duced currents. It was established that with
a wind with a velocity of 7 m/sec or more
the wave oscillations destroy the aggregates
- of algae and scatter them in the water layer.

[Text] The problem of- regulating the quality of water in reservoirs in- °
volves a study of a complex of hydrological, hydrochemical and hydrobio-
logical phenomena. One of these is the mass development of blue-green al-
gae —- the "blooming" of water, which has long attracted the attention of
researchers. The harmful effects of "blooming" include not only an unde-
sirable change in the ecosystem of the water body, but also a deteriora-
tion of water quality as a result of its saturation with the products of
decomposition of algae. These investigations, in which the leading role
is played by the Hydrobiology Institute Ukrainian Academy of Sciences, have
vielded extensive information on the taxonomy, ecology and physiology of
algae, causing "blooming." At the same time, it is impossible to overlook
the inadequate study of the influence of a number of abiotic factors, in-
cluding hydrometeorological factors: wind, waves, currents. Much of the
information on the influence of these factors on the "blooming" of water
has a descriptive character [1, 5, 9].

During the course of the entire-growing period the blue-green algae are

_ in the water in a suspended- state. Their. physiological peculiarities pre-
determine movement with the water -masses, that is, under the influence of
currents and waves., It is known-that-a concentration of algae with a bio-
mass .of about 10-40 km/m3.results: in the dying of fish and the poisoning
of water and .this is also- determined by. the influence of these factors [11.
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The objective of our study included a determination of the empirical de-
pendences reflecting the influence of the wind (through waves and cur-
rents) on the concentration and distribution of blue-green algae in reser-
voirs. In solving the problem we used information from a series of publish-
ed studies [1, 2, 5, 7, 8] and observational data from the hydrology and
algae physiology sections of the Hydrobiology Institute Ukrainian Academy
of Sciences in Dnepr reservoirs in different years. These materials repre-
sent measurements of the biomass of algae in the water surface layer and
at depth at permanent verticals and sectors, as well as wind velocities at
a height of 2 m above the water surface. In addition, measurements were
made of the velocity of movement of the upper half-meter water layer with
algae suspended in it under the influence of a stable wind with a velocity
0-10 m/sec.

Before proceeding to solution of the fundamental problem of this study, we
will turn our attention to still another factor acting on algae suspended
in the water —- runoff currents. They are constant during the course of the
entire year and move the water masses of the reservoirs toward the discharge
structures. During the growing period the algae also move together with
them. Approximate computations for the Dnepr reservoirs reveal that with a
duration of this period of 2-3 months, with an intensity of water exchange
from 2 to 4 times a year, the entire volume of water with vegetating algae
can be discharged into the lower pool. In actuality, this does not occur
due to a superposing of the system of wind currents and the retention of
algae in bays, in gulfs and on the bottom. Nevertheless, runoff currents
must be taken into account both in evaluating the total biomass of algae

in a single reservoir and in the analysis of their development in the cas-
cade.

We will dillustrate the first in the example of the Kremenchugskoye Reser-
voir. Its reach from Cherkassy city to the dam has a length of 85 km. Ac-
cording to data published by N. V. Pikush [4], its mean flow during the
growing season is 0.9-1.7 cm/sec or from 0.8to 1.5 km/day. In accordance
with these figures, by the end of the vegetation period the algae forming
at the upper boundary of the reach arrive at the dam, but the interval in
the observations in adjacent reaches, equal to several days, leads to a
distorted idea concerning the distribution of algae in the water body. The
second consequernce of the runoff currents is the movement of the algae
into the lower pool, that is, into the cascade lying below the reservoir.
Some of the cells perish when passing through the discharge structures,
but not all. As a result, there can be activation of the development of
algae and a broadening of the "blooming" area into the lower-lying reser-
voir as a result of increased multiplication of these organisms in the
water body situated above; this often occurs in the first years of forma-
tion. For example, a burst of "blooming" in 1967 in the Kiyevskoye Reservoir
(filled in 1966) was accompanied by an intensive development of algae in
the lower-lying Kremenchugskoye and Dneprodzerzhinskoye Reservoirs in
1968 and 1969 [2]. Such a phenomenon can be attributed to the movement of
algae by runoff currents, not excluding, naturally, the influence of other
factors. ’
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The redistribution of blue-green algae within the reservoir occurs under
= the active influence of wind waves and currents. These factors can be
regarded as decisive for the aggregated phase. It is known from the pub~
lished data [1, 8] that "blooming" spois and fields are formed and persist
only when there is a weak wind and in a calm. Most of the algae (80-95%)
in these formations are concentrated in the upper half-meter water layer.
But specifically this layer is also under the direct influence of wind-
induced flows. An investigation of the character of its movement indicat~
ed that within the limits of the open water body the direction of movement
deviates from the wind direction by not more than 5-10° and only with entry
into the shallow-water zone along the shore forms a circulation, as we in-
vestigated before [3]. For an open water body and a range of wind velocity
0-10 m/sec, using observational data, we derived an empirical dependence
described by the equation

Y5 =23 W-0,5,

where vg 5 is the velocity of movement of the upper half-meter water layer,
em/sec; W is wind velocity at a height of 2 m above the surface, m/sec.

The correlation coefficient is equal to 0.72; the error with a guaranteed
probability 997 does not exceed 1.2 cm/sec.

With a wind velocity of 5 m.the movement of the algae is 8.5~10.5 km/day,

which coincides with the already known data [4],and a velocity of 0.22 m/

sec is probably expended on overcoming layer viscosity. Checking of the

equation by special intersections of navigational markers in the Kanevskoye

Reservoir indicated that the equation corresponds well to the velocity of
‘ drift of "blooming" spots and fields. : .

The concentration of algae in the upper half-meter water layer is retained
in calm weather and when there is a weak wind. With an intensification of
the wind the wave oscillations destroy the algae aggregates and scatter
theilr colonies and cells within the limits of the layer affected by these
oscillations. Observational data registered in Dnepr reservoirs were used
in writing empirical expressions characterizing the process of scattering
of algae at different wind velocities for both ordinary and aggregate
states. The first dependence.was.derived for an open water body with depths
greater than 6 m, has a power-law character and and is represented below.

Relative Concentration (B) of Blue-Green Algae in Upper Water Layer for
Different Wind Velocities (W)

W m/sec Calm 1 3 4 5 6 7

2 10
B% 82 51 35 26 .18 13 10 8

8 .
6 6

In accordance with these data, when there is a calm in the upper water lay-
er there is concentration of an average of 82% of the entire quantity of
algzae at the vertical, whereas with a wind greater than 6 m/sec less than
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10% of them remain. In the case of an aggregated state of the algae (''bloom-
ing" spots and fields) the algae are concentrated in the upper half-meter
water layer and a wind intensification lessens the concentration in ac-

cordance with the equation
By - B, (0,50 - 0,12 W),

where By and By is the quantity of algae g/m3 with a wind W m/sec and with

a calm (initial concentration). The correlation coefficient of the equation
is 0.82 with a reliability 0.99. It must be emphasized that both dependences
were derived using data obtained with a wind not greater than 10 m/sec, that
is, they have limited applicability.

The results of this investigation can be formulated as follows:

1. Runoff currents are an important factor in the dynamics of blue~green
algae both within the limits of one reservoir and in the cascade.

2. The concentration of algae, including their aggregation in the surface
layer in the form of "blooming" spots and fields, is reduced with an in-

crease in wind velocity. With a value of the latter 7 m/sec or more the -
algae are uniformly scattered in the water layer.

3. The nonuniformity of distribution of algae over the surface of the res-
ervoir is related to wind currents which with a wind velocity of 5 m/sec
can move the algae 8.5-10.5 km/day.

We note in conclusion that’the results presented above are only a first at-
tempt at a quantitative evaluation of the effect of some hydrometeorolog-
ical factors on the "blooming" of water in reservoirs. It is obvious that
the formulation of broader complex investigations will make it possible to
refine and broaden the described peculiarities of .the wind effect mechanism
and also to obtain new information on other factors. This will make it pos-
sible to clarify an important aspect of monitoring of the quality of the
environment -- the water "blooming" problem.
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UDC .551.508.7
MEASUREMENT OF INTEGRAL HUMIDITY BY AN OPTICAL METHOD
Moscow METEbROLOGIYA I GIDROLOGIYA in Russian No 5, May 80 pp 97-101

[Article by V. N. Marichev, Institute of Atmospheric Optics Siberian Depart-
ment USSR Academy of Sciences, submitted for publication 11 September 1979]

Abstract: The article describes measurement of
integral humidity along a surface path by an
optical method in the IR range. Problems in-
volved in the choice of the optimum parameters
of an optical hygrometer, its calibration and
measurement accuracy are discussed. A compar-
ison of data obtained using an'optical hygro-
meter and psychrometers set up at the ends of
the path is given.

[Text] The water present in the atmosphere determines its thermal regime
and the dynamics -of atmospheric processes and is one of the fundamental
factors in planetary weather formation. It is therefore easy to under-
stand the enormous interest which is manifested in study of the dynamic
characteristics of. atmospheric moisture content. For example, the authors of
(1, 2, 10] carried out investigations of the moisture content of the entire
thickness of the atmosphere under different meteorological conditions and
at different latitudes and its relationship to surface humidity, and also
give a review and analysis of a number of other studies made of this prob-
lem. However, an important aspect is a determination of the integral mois-
ture content on surface paths. This is necessary in solving such problems
as investigation of the characteristics of humidity in the surface air lay-
er, remote monitoring of the humidity level over soils, evaluation of the
influence of the water vapor concentration on the attenuation of optical
radiation and the calibration of meteorological lidars. '

A model of instrumentation making it possible to determine the integral
content of atmospheric water vapor on a horizontal path was developed for
these purposes. The principle for determining moisture content is based on
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the measurement of radiation transmission by the atmospheric layer in the

region of the water vapor absorption band and the transparency window, as

was done by Fowle [12] as early as 1912 and which was.further developed in
[5-8, 11].

The optical instrument for measuring humidity consists of two separable
parts: radiation source and receiving system. The radiation source in-
cludes an incandescent lamp of the KIM-75 type, installed in the lens
focus. The divergence of radiation forms an angle of about 1°. The ray from
the source is transmitted through an atmospheric layer with a thickness L =
0.98 km and then transmitted into the receiving system. The latter consists
of a lens (diameter 30 cm), matched with a high-transmission MDR-2 mono-
chromator and a FEU-62 photodetector. The electric signal from the FEU
could be registered with a voltmeter or an automatic recorder.

The vibrational-rotational band of the water molecule in the region A= 0.9
pom was selected for operation of the optical hygrometer (the so-called o -
band). A distinguishing characteristic of this band is its greatest inten-
sity among the adjacent IR bands and the absence of the spectra of extran-
eous gases in it [3].

For the particular absorption band the influence of change in temperature
and the complexes of Hy0 molecules on transparency, according to [2], does
not exceed 1% for each effect. It is considerably less, for example, than
for the band with A= 2.7pm. It should be noted that in the selected spec-
tral region it is possible to use photodetectors with a high response --
photomultipliers.

Vomed]” relative units
40 - '

gradyations

1

1 : s
460 w0y 488 452 n.gen

s

Fig. 1. Registry of signal in working part of spectrum. 1) w = 7.1 mm, 2)
w = 4,7 mm.

The monochromator calibration was carried out using the radiation of a He +
-Ne laser with wavelengths A= 0.63 and 1.15}Lm, and also using the lines of
a mercury lamp with A= 0.69, 0.83, 0.94, 1.014P.m.

The calibration of hygrometer readings using the precipitable layer of

water vapor was carried out in the following way. First the radiation source
was placed directly in front of the receiving unit and the electric signal
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was registered in the spectral region of interest. It was found that in

the working range from 0.92 to 0.94{\m the signal decreased by only 1%
toward the center of the absorption band with spectral resolution inter-
vals 2-8 nm. Then the source was placed at the other end of the path with
registry of the spectral signal obtained in the presence of an absorbing
layer of H,0 molecules between the receiver and transmitter. In this case
the maximum signal fell in the region‘0.93—0.94flm, that is, the choice

of the working absorption band with its center at A= 0.94 pm was also op-
timum from the point of view of the effectiveness of instrument operation:
the greatest signal-to-noise ratio was attained here. For example, the ratio
of the signal to the photodetector dark current was 100, and to the back-
ground of the daytime sky -- 50. The wavelengths corresponding to the max~
imum signal in the atmospheric transparency window and the minimum signal
in the absorption band are equal to 0.929 and 0.942}Lm respectively. Subse-
quently the spectral resolution of the monochromator was set at 6 nm.

Simultaneously with the registry of signals in the working spectral range
there was measurement of atmospheric humidity at both ends of the path by
means of psychrometers. The integral moisture content (precipitable water)
was determined as the average of the psychrometer readings:

w {au) = I, [Kx) —a';—a" [g/m3] . @€

where L = 0,98 km is the length of the path, aj 2 is the humidity at the
ends of the path. :

An example of signal registry in the working spectral range for two w val-
ues obtained using formula (1) is given in Fig. 1.

The signals arriving from the photodetector can be written as follows:
Uy = neilne 1t e,
(2)

aL e_.’(w)" ,

U"'.' =10alae

where the subscripts 1 and 2 relate to the window of atmospheric transpar-
ency and the water vapor absorption band; Ipy is the intensity of the ini-
tial radiation; '7& is the spectral response of the receiving part of the
system; Oli is the coefficient of aerosol and molecular scattering; kg (w)
is the coefficient of absorption by water vapor; ¢4 1s a coefficient taking
into account the interception of the ray-by the receiving telescope.

Since in the measurements the geometry of the ray does not change, then ¢y

= (':12.

From the equality of the electric signals in the spectral ranges near the
wavelengths 929 and 942 nm, obtained as a result of hygrometer calibration
(that is, in the absence of an absorbing layer of water molecules and an
aerosol layer), it follows that 'Y&IOI = 7/2102 with an error of about
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0.5%. If it is taken into account. here that the coefficient of refraction
of the collimator lens (glass K = 8) .at the wavelengths 929 and 942 nm dif-
fers only in the fourth decimal :place, or by 0.01% (in accordance with
GOST 13659-68), then we have the right to assume the formation of the two
spectral rays to.be adequate.and:the -density of -the spectral fluxes arriv-
ing at the spaced detector. to-be.identical (without allowance for attenua-
tion). On the basis of what has been.set forth above, we have the equality

7/101 101 .’_‘_/)262102 .

Next we will examine the:attenuation of .radiation as a result of scattering.
In our experiments the measurements were:made with a meteorological range
of visibility S, 210 km. It -follows -from:.an:analysis of -theoretical stud—
ies and experimental work:.on-investigation.of the -spectral transparency
of atmospheric haze in a broad -range of :change in .8y and aerosol compo-~
sition, which were .described :in a.monograph by V.:Ye. Zuyev [4], that for
our case with Sy>10 km.-and L = .0:98:km.due to the small difference in
wavelengths it.can be assumed :that.e™ ¥1L = = 02L with an error less than
1%. The transparency for A =-942;mm within the }imits of this error is
greater than the atmospheric transparency at A= 929 nm. Taking into ac-
count that the.electric -sigmal in:the-absence of .an attenuating layer at
A = 929 nm was approximately Q.5% higher than.at A = 942 nm, this dif-
ference in the signals .is.compensated.as a-result of the nonuniformity in
the scattering of. radiation. Thus, it.can:be.assumed that the -difference
in the signals.must be caused.only.by absorption.by water vapor.

The correlation of optical thickness 7T (w), in this case completely caused
by the absorption of radiation, and the precipitable layer of moisture, was
determined through the differential absorption coefficient k(w) = ko(w) -
ki (w), o

Uy, R
t(w)=1In FA: = (w) w. (3)

It was found that with an increase in w there is a decrease in the absorp~
tion coefficient k(w), as is a corollary of work on the unresolved spectral
structure [5]. On the basis of [5] we represented. the correlation between
4 and w in the form - —

x=C®8

(4)

The experimental results are shown in Fig. 2. The coefficient C, obtained
by an analysis of the straiBht: line in Fig. 2 by the least squares method,
is equal to 0.24240.013 mm~0:63, In order to discuss the experimental data
it is first necessary .to determine the measurement errors T and w, obtained
using the optical ‘hygrometer and the psychrometers. respectively.

The accuracy in measuring the ’U.value, or atmospheric -transparency, in two
spectral ranges will beé dependent on such factors as radiation of the back-

ground, the photodetector dark current, instability of the radiation source,
fluctuations of -atmospheric transparency and ‘its turbulence and the accuracy
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of the recorder.

o5r
4N

| S S R S Y |
zzo 2 wi¥yy

Fig. 2. Calibration curve.

The first two types of errors are excluded by the registry of signals with
the radiation source operative and inoperative, and in the further process—
ing of data use was made of the signal difference:

U = Uyith = Uwithouts )

where Uyiths Uyithout are signals received with and without a light flux
from the source.

- Then tests of the radiation source for stability indicated that in the ab-
sence of an atmospheric layer (the incandescent lamp was placed at a dis-
tance of 1-2 m from the receiving telescope) the electric signal of the
photodetector remained constant. This gives basis for neglecting the
errors related to the instability of radiation. '

The errors introduced by the atmosphere were evaluated in the following
way. Using the recorder it was possible to register automatically the max-
imum and minimum amplitudes of the signals encountered in the course of the
time which is usually expended on the working measurements (1-2 minutes).
Thereafter we computed thz value

28 = Umnax — Umln. . . . (6)

Processing of the accumulated data indicated that in the overwhélming major-
ity of cases 2§ & 0.04; this value was used as the general error in meas-

v urements (the error of the recorder -- a voltmeter -of the type 4027 -- does
not exceed 0.2%). Thus, in accordance with (3), the error is
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Ar==26==0,04.
¢

The error Aw is determined by the error of aspiration psychrometers. Since
in accordance with (2)

Aw=Aaqa, (8)

then it is necessary te find the &a value. The absolute humidity value a
can be computed through water vapor elasticity as

alg/m3] = 217 e/T [mb/K], 9)

which is determined using. the formula [8]

e=E, -—Ap(l—‘-l’)(l +0.0015 '), (10)

where t, t' are the temperatures of the dry- and wet-bulb thermometers of
the psychrometer, E is air pressure, mb, A is the. psychrometric coefficient,
(

equal to 7.947-10 ?C)’l, E¢ is the saturating elasticity over water at
the temperature t'.

On the basis of the cited formulas we can write:

1 . R
L - B (M52 4080, (11

NE
'i

where r = e/E; is relative humidity.

Pr D PP gD
’W\_/

Bbrconud
depez *
L] 7 V3

Fig. 3. Diagram of measurement path. A) Mountain; B) Low shore; C) River;
D) Island; -E) High shore.

The error in determining absolute humidity in percent under the condition
of taking the temperature readings from thermometers with an accuracy to
0.1°C for different t and r values is given in Table 1 (error AEt, deter-
mined frow the psychrometric tables [8], p = 1000 mb), The table shows that

_’ with an increase in air temperature.and relative ‘humidity the accuracy in
measuring absolute humidity increases.
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Table 1
r% .
T i0 20 40 60 80 100
i —5 413 20,6 103 638 52 4,1
0 30,2 15,1 7.6 5,0 38 3,0
+6 22,3 11,1 5,6 3,7 28 2,2
+10 16,5 8,2 4,1 2,7 2,1 1,7
+15 12,9 6,5 3,2 2,2 1,6 13
+20 16,3 5,2 2,6 1,7 13 1,0
+25 8,4 42 2,1 14 1,1 0,8
+30 7.1 36 1,8 1,2 09 0,7
+85 6,1 3.1 "_l o 1,0 08 06
Table 2
Hara Bpeust 1 . 2 3 4
1 2
31 man 3 1450500 5,1 6,5 7.2 83
1977 r. 152~35 5,6 6,5 71 89
16345 53 7.0 7.7 8,7
1690170 5,5 6,4 7.7 8,7
7uwiona 4 15%0-40 83 10,0 108 11,2
1977 r. 15%—16% 9,5 10,0 10,8 118
: 164050 88 10,3 11,5 12,1
17%-6 6,1 7.2 8,7 9,9
KEY: 175518 5,0 6,1 72 79
1. Date
2. Time
3. May
4. June

The scatter of experimental points relative to the line of their mean value
in Fig. 2 exceeds the limits of errors in measuring Tand w. This fact in-
dicates the incorrectness of restoration of integral humidity using meas-
urements of two psychrometers set up at the ends of a path, especially in
the case of a complex path, as in this study. In the experiment the source
ray passed successively over a glade, low river bank, river, island and
high river bank (Fig. 3). The height of the ray above the surface along the
path changed and the height difference between the ends of the path was 40
m. Accordingly, it was natural to assume that the humidity distribution
along the path is nonuniform. Also in support of this assumption is the
fact that the absolute humidities aj} and aj, measured simultaneously, in
most cases differed; the difference frequently exceeded the limits of meas-
urement errors and in some cases attained 35%. As an example in Table 2 we
give some results of humidity measurements. There the indices 1-4 relate

to the measurement points; 1-2 are the ends of the path, 3 is a point
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situated at a distance of 50 m from 2 in the direction of the river perpen-
dicular to the path (see Fig. 3) and 4 is the river (distance from point
2 is 100 m).

It can be seen from Fig. 2 that with an increase in the precipitable layer
there is an increase in the scatter of the experimental points relative to
the mean values. In winter (v = 1-2 mm) this scatter is small and falls in
the limits of measurement errors; during this period the surface is cover-
ed by snow and the distribution of humidity along the path becomes more
uniform and constant, which is immediately reflected in the small differ-
ence in the values aj, aj, determined at the ends of the path. For ex-
ample, the crosses in Fig. 2 indicate control measurements made when there
was a coincidence of humidity values. When working over an open river (w:>
2 mm) the scatter immediately increases and continues to increase with an
increase in temperature (of the precipitable layer).

The mean square error in determining the precipitable layer of water vapor
by an optical hygrometer, using the calibration straight line, is written

as follows:
tw TR

where w' = w0.63,

The mean value §C/C was determined and. is about 67. For winter conditions
§ C/C = 2%. As was demonstrated earlier, §7 = 0.04, and the Jr /T error
will be dependent on the quantity of water vapor on the path. The evalua-
tions show that the error in an individual measurement of integral humidity
during winter (a = 1-2 g/m3) is 20-287%, and in the summer time (for a = 10
g/m3) the error is equal to 10%. For intermediate humidity values a = 2-10
g/m3 the error is in the range 10-20%. The accuracy in measuring the pre-
cipitable layer with the optical hygrometer can be increased if its cali-
bration is accomplished on a path with a constant humidity. In this case
the measurement error can be decreased at the limit by 6%. The use of the
effective quantity of moisture [5] in place of the precipitable layer of
water vapor in constructing the calibration curve also will make it pos-
sible to increase the accuracy of the graph.

In conclusion it should be noted that the optical hygrometer is advantageous
and feasible to use in the measurement of integral humidity on paths passing
over a nonuniform surface because in these cases the accuracy of the propos-
ed measurenients is higher than the accuracy of humidity measurements with
psychrometers placed at the ends of the path. It-is very possible to use

the instrument for determining precipitable moisture at negative tempera-
tures at which the accuracy of standard meteorological instruments becomes
unsatisfactory. .
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UDC 551.509.1
IDENTIFICATION OF METEOROLOGICAL SUMMARIES
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 5, .May 80 pp 101-107

[Article by Yu. L. Shmel'kin, USSR Hydrometeorological Scientific Research
Center, submitted for publication 10 November 1979]

Abstract: The author proposes a new approach to
solution of the problem of identification of )
meteorological summaries in the process of AN
automatic processing of information passing -
- through coomunication channels to an electronic
: computer. Since meteorological summaries are
a component part of the language of transmis-
sion of meteorological data, which in turn is -
related to a class of context-free languages,
an automatic unit is devised having a 'modular
memory for applying an algorithm for the gram-
matical analysis of the constructions of meteor-
ological communications.

[Text] The problem of identifying meteorological summaries passing through
communication channels into electronic computers arose in connection with
the acute need for machine preparation of information for the introduction
of methods for numerical hydrodynamic forecasting of meteorological elements’
into operational practice. The first studies in the field of identificationm

- of summaries made it possible to discriminate from the total flow of infor-
mation such data contained in surface synoptic and aerological telegrams
necessary in forecasting [1, 2, 6, 7, 11, 12]. The most modern Soviet pro-
gram for the identification and interpretation of meteorological informa-
tion, described in [7], makes it possible to identify, interpret and ac-
cunulate synoptic data up to the moment of the forecast with one scrutiny
of the flow of information. At the present time data are supplied for numer-
ical forecasting precisely through this program.

There are also other applications of the problem of identifying meteorolog-
ical summaries. For example, this includes the production of actual weather

maps in an automatic regime. Although the results of the procedure of iden-
tification and interpretation of data in principle are one and the same for
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different applications, the different requirements imposed by operational
technology in different cases (for example, feedout of the results at a
real time scale) have led to the need to seek other approaches to the
formulation of an identification program differing from those described in
the already mentioned studies.

This study gives a new approach to' the problem of identification of meteor-
ological summaries, the simplest variant of which is now realized in the
programming-instrument complex used at the USSR Hydrometeorological. Cen-
ter, It is based on use of the advances in mathematical linguistics, the
theory of context-free languages, and makes it possible to make broad gen~
eralizations of the problem.

The need for preparing an ever-increasing volume of different types of in-
formation for numerical forecasting, the forming of considerable masses of
data for scientific investigations on the basis of observationdl data.sent
through communication channels to an electronic computer (for example, GARP
data), the problem of automatic plotting of synoptic charts and other op-
erational (and nonoperational) materials -- all this- requires improvement
in the methods for the identification of meteorological summaries, writing
of new algorithms and programs and devising of new technology for a system
for the automatic processing of information. It appears that the approach
to solution of the problem of identification of meteorological summaries
described below in this paper will be useful for this purpose.

In accordance with the established procedure [8], a meteorological commun-

ication transmitted through the global telecommunication system should con-
sist of the following elements: initial line, heading, text, end "signal."

Example H . B e S

~ 2 B
" UERSI5 RUA
TTDD 0100/ 34172 11347 71343 22094 T74147=

NNNN

Here the first line is the initial line; the second is the title; the last
is the end signal.

The structure of the communication is described by the following scheme:

Initial line

Heading ]
Text Bulletin Communication

End signal

However, for convenience in exposition we will modify these definitions
and at the same time require that the text consist of individual phrases
which henceforth will be called telegrams. Accordingly, the following re-
vision of communication construction is proposed::
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Initial line COMMUNICATION
Heading BULLETIN.}

Telegrams TEXT}

End signal END ]

We will somewhat refine the informal understanding of what a telegram is,
specifically: we will assume that sometimes the sequence of telegrams
within a communication can have a special construction of one line.of
teletype text which is common for all the telegrams situated below. For
example, a line in the form MMXX 0212 for SYNOP telegrams [9]:

ZCZC 720 12304 ST T T s e
SMIN10 DEMS 021200
MMXX 0212 .
. 43369 20000 96011 10426 22500 25914 40790
43371 20000 96011 10725 15501 29910 40390m=x
NNNN

We will specially discriminate such a construction and call it the "common
block.” Source [10] gave a formal description of the common block and all
the constructions mentioned above. Accordingly, here we will assume that
the principal elements of the communication are the terminal symbols; we
will use lower-case letters for writing them. Capital letters will be used
for the defined concepts:

< COMMUNICATION > 2 ¢ = ‘initial line <BULLETIN> (¢D)

<BULLETIN)> ¢ ¢ = heading <TEXT > (2)
< TEXT > : = telegram <TEXT >

| common block < TEXT> | <END> (3)

<END> . ¢ : = end signal %)

These definitions do not contradict those given earlier in [10]. However,
the rule [3] allows a more complex conmstruction of the communication —-
with several common blocks. It is not difficult to give another rule for

a text avoiding repetition of the common block. This is done by introducing
the additional construction:

< TEXT >
< TELEGRAMS >

common block < TELEGRAMS> (5)
= < END> telegram¢TELEGRAMS >

. ae
e oo

Nevertheless, we will retain a more general construction of rule (3) be-
cause there are communications with several common blocks:

“ztszts 032 9149512

tssra 12 runv 010800

klimat 11979

29789 9753 0324° 1194 01412 0029/ 036// =
30037 9898 10232 1139 02011 00445 047// =
klimat 11979 2130

29789 8642 0186 1176 02107 0007/ =

30521 9603 0234 1142 01304 0013/ =

nnon
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Thus, we have determined a "grammar" which is automatic [3] or regular [5]
because all its rules have the form Z-*bY or Z-b, where b is the terminal
and Z and Y are nonterminal symbols. The COMMUNICATION is the noted initial

_symbol.

By means of the rules of derivation of (1)-(4) it is possible to obtain
any final chains corresponding to properly formed communications.

On the other hand, there is a well-developed method for-recognizing the
correct parts of the language formally generated by the regular grammar

[4].

We will recall, in accordance with [3], the definition of a "final auto-
matic element" or "acceptor" with a finite number of states. The set of
five symbols [X, S, v, sp, F] 1s an acceptor with a finite number of
states.

Here X is a finite set of input symbols; S is a finite set of internal
states; v is a function of X x S into S; sp is the initial state; F<&S
is the set of developing final states.

Such an automatic unit reads from the input tape the lines of the terminal
symbols of some language and after reckoning the symbol x€ X into the
state s passes into the new state 1/(x, s). After reading the last symbol,
the automatic element stops. If it stops in one of the developing final
states of F, the input line is received, but if the final state belongs

to S - F, the line is rejected. Accordingly, it is usually said that

these lines are "received" or '"rejected" by an automatic element with a
finite number of states.

As is well known [3], for any "automatic' grammar" G there is a final ac-
ceptor accurately receiving those lines which G generates.

Small grammars and their corresponding acceptors are conveniently describ-
ed by diagrams of state.

For this it is necessary that the following be satisfied::

Set the peak of the oriented graph in accordance with each nonterminal sym-

bol from G. (6) -
Set the arc from Z to Y, marked b, in accordance with each rule in the
form Z-bY. (€))
Set the arc from Z to the new peak RECEIVED, marked as in (7), in accord-

ance with each rule Z-*b. (8)

Adhering to this algorithm and the rules (1)—(4),gwe will construct a di-
agram of the final acceptor, recognizing the correct communications (Fig.
1).
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Fig. 1. Diagram of acceptor recognizing correct communications.

KEY:

1. Communication 6. Text
2. Bulletin 7. Common block
3. Initial line 8. Signal of end
4. Received 9. End

5. Telegram

-As is known from [3], the sequence of marks of the arcs along any finite
path, beginning from the peak sy (COMMUNICATION) on the diagram of the
grammar G, is the line generated by G. The reverse assertion is also
correct.-

In such an interpretation of the operations of the automatic element it is
assumed that someone sets the automatic' element in the initial state and
sends to its input the first symbol of ‘the communication, for example, for
the automatic element of a communications computer operating in circuits
with a programmed control system in the MTK-5 code this can be the symbol
SOH [8]. However, it is easy to visualize a more complex situation when

no one has given attention to synchronization of the beginning of opera-
tion of the automatic element and the beginning of the communication. This
occurs, for example, in circuits without reverse confirmation or in low-
speed communication lines operating in the MTK-2 code. In addition, the
real scheme for operation of the automatic element differs from that pro-
posed in that it describes the recognition of an infinite chain of commun-
ications following one another through the communication channel. This
means that after the final state RECEIVED the automatic element is again
activated, being in the initial state COMMUNICATION. It actually identif-
ies nothing between these two states because it is usually assumed that
the input chain exists only from the initial state to the final stage and
the chain does not exist in the cycle of transition from the final to the
initial stage.
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However, it can be assumed that this infinite input chain of communications
exists in all the states of the automatic element and the automatic element
itself moves along this chain from left to right in accordance with the
possible transitions in the diagram.

For greater clarity in the operation.of such an automatic element it is
possible to propose the following change in the diagram: we will combine
the final state (RECEIVED) and the initial state (COMMUNICATION), as indi-
cated by the dashed line in Fig. 1.

It is obvious that the sequence of inscriptions along the possible finite
paths, beginning and ending at the COMMUNICATION peak, corresponds to the
sequence of communication lines. A set of such sequences corresponds tc

a set of communications present in the .input chain. Thus, we obtained a
transformation of a set of communications into a set of finite paths in
the diagram, since in one communication there is only one common block,
whereas on a finite path of the diagram there can be several of them.

In order to formulate an algorithm recognizing the lines of an infinite
chain of communications it is also necessary to take another important
detail into account - the chain of communications is infinite both to
the left and to the right. In other words, it constantly exists in time
and the recognizing automatic element begins to operate at some arbitrary
woment (for example, after ending of its operation). Therefore, the first
arriving line is not mandatorily the initial line.

In addition, it must be taken into account that in the practical transmis-
sion of data through communication channels there will be different devia-
tions from WMO rules. First of all, there are different errors in the
preparation of data, then different commentaries or open texts between
communications and also within telegrams. The errors -in preparing data can
be divided into two types. The first type of error is the omission of a
construction, when a whole teletype line is absent. For example, the op-
erator forgot to prepare the headings of the -communication. The second
type of error is a case when due to some circumstances the construction
becomes ununderstandable. For example, the next-to~the last line in the
communication:

Z2CZC 169 16309
SMZM1 NSTU, 110600
91765 33004 63011 08327 22532

QTA QTA A
NNNNQ

Thus, summarizing everything stated above, we obtain two types of deviation
from the rules: presence of unidentifiable lines in the text and absence of
some constructions.

Naturally, it is impossible to introduce any syntax for the unidentifiable

lines. With respect to the absence of some constructions in the communica-
rion, this is easily described by the following rules:
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< COMMUNICATION> : ¢ = € <BULLETIN>

<BULLETIN> =g <TEXT>
< TEXT > : : =¢ <ENDD>
< END > ¢ =g , whereg 1is an empty symbol

Combining these rules with the preceding ones (1)-(4), we obtain rules de-
scribing a part of the communication, and also the empty communications.
In accordance with the algorithm for constructing the diagram using a reg-
ular grammar and taking into account the considerations concerning an in-
finite line, we can comstruct a new diagram. The chains of inscriptions
along the paths through this diagram will correspond to the sequences of
lines of communications in which the absence of some constructions is allow-
ed. In addition, this diagram eliminates the problem of synchronization of
activation of the automatic element and delivery of the initial line. In
other words, the automatic element can begin the processing of an infinite
line from any place to the right, provided that unexpected constructions
do not appear.

Now we wish to allow in the initial line such constructions which were mot
provided for by the rules of the constructed grammar. In other words, we
will allow commentaries between the constructions in an infinite chain of
communications. For this purpose we will considerably complicate the auto-
matic element, adding two new components to it: a memory and a counter.

Now we will assume that it is possible in some way to store, finish regis-
try and erase the final chains in the memory. Any process of finishing of
registry involves the splicing of a new chain with the old from the right.
The erasure process relates to the right part of the chain in the memory;
in place of the erased part there is a special chain in the memory —- the
initial symbol for the memory. We stipulate more precisely that the non~
empty chain in the memory, consists of the initial line, heading and text;
in addition, there is one initial memory symbol for the initial line ——
2CZC 333 ///// and one -- for the heading:

KXXX// xxxx //1/].

The operation of an automatic element with a memory is characterized by
cycles. The automatic element performs a series of cycles for each symbol
in the input chain. Each cycle corresponds to a transition from state to
state and some operation in the memory with the chain present there. This
operation may be finishing of registry, erasure or both together.

Now we will describe the cycles of automatic element operation. As soon as
the automatic element receives the new input symbol the counter assumes

the value 4. Then if the result of analysis of the input symbol is negative
we subtfact unity from the counter and check the result; if the result is
equal to ‘zero, the input symbol is entered in the memory and we proceed to
the next symbol in the input chain; if the result is non-zero, we register
an empty symbol in the memory and change the state of the automatic element
in accordance with the diagram (block diagram). Proceeding to a new state,

140

FOR OFFICIAL USE ONLY

S e L AR AR S o S S AR R e e

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300020010-5



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300020010-5

FOR OFFICIAL USE ONLY

the automatic element performs similar operations with the sole difference
that the counter value has already decreased. Now we will assume that the
result of analysis of the input symbol is positive or that the automatic
element has identified this symbol. In such a case we must examine five
variants corresponding to the principal elements of the communication (see

[10).

If the initial line is identified, then the entire chain in the memory is
erased and two initial symbols are registered. The initial line is regis-
tered over the first initial symbol. The automatic element shifts into a
state "Identification of Heading."

If the heading 1is identified, the right part is erased in the memory, be-
ginning with the heading. Then the new heading is registered. The automatic
element passes into the state "Identification of Bulletin Text." If a com-
mon block is identified, the entire text is erased and the common block is
registered in its place. The &tate is not changed.

If the beginning of the .telegram is identified, a special symbol is also
registered in the mémoty -— the end of the telegram, when there is an un-
ended telegram in the memory. Then the found telegram is completely regis-
tered. If, in the identified telegram the symbol for the end of the tele—
gram is also found, there is a shift to the state "Identification of End."
Otherwise the state is not changed.

If the end is found, the signal for the end is fully registered; then all
the memory is emptied [4]. Thereafter, the first and second initial symbols
are registered in it again and the automatic element passes into the ini-
tial state "Identification of the Initial Line."

Thus, we have described an automatic element with a memory and a counter.

We note that in place of a counter it suffices to have final entry of some
four memory symbols, for example M ; in place of subtraction of unity --
-- the erasure of the symbol farthest to the right; and in place of a re-
action to zero -- reaction to the absence of this symbol in the memory.

Figure 2 is a diagram of the transitions of the considered automatic ele-
ment. The symbols "33" in the diagram denote the procedure of erasure of
the memory symbol M in the case of unsuccessful identification.

Now it can be seen that this automatic element cannot be "cycled" when pro~
cessing an unfamiliar input-symbol. Receiving such a symbol in any state,
the automatic element makes all possible attempts at its identification.
Finally this symbol is registeréed in the memory and the automatic element
is returned to the initial state. Thus, the automatic element is not sens-
itive to the different commentaries between the communication constructions.
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Fig., 2. Diagram of transitions for automatic element with memory.

KEY: )
1. Initial line 7. Telegram
2. Identification of heading 8. Identification of bulletin text
3. Heading 9. Common block i
4. there is... 10. signal for end
5. Identification of initial line 11. Identification of end
6. Output

Thus, the automatic element correctly identifies any sequence of communica-
tion constructions, including arbitrary texts. As a result, on the basis

of the input chain of communications, from parts of communications alternat-
ing with arbitrary texts, this automatic element constructs an output chain
of properly formulated communications. To be sure, for many:communications
received in this way: there is a coincidence of the initial lines or head-
ings, but on the other hand, from the syntaxis point of view, they do not-
contain errors and they can be identified by the final automatic element
which is constructed at the very beginning. :

Therefore, we constructed a "determined" automatic element with a modular
memory [4] which identifies any correctly formed communications and cor-
rects communications with grammatical errors. It should be noted that for
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identification of correct communications it was sufficient to have a final
automatic element.

Applicable to the processing of meteorological data reaching the electronic
computer through communication chamnels, such an automatic element solves
the problem of control of processing of communications (suitable for tele~
communication methods) and control of processing of telegrams for systems
for the primary processing of meteorological data. This automatic element
is particularly useful in organizing the operation of a communications com—
puter in a telecommunication complex accomplishing the automatic collection
and transmission of data.

The basic principles for the design of an automatic element with a memory
were successfully used in the primary processing system of a programming-
instrument complex; the full construction of the automatic element was
realized in FORTRAN IV for the primary processing system using a YeS elec—
tronic computer.

The author expresses appreciation to S. D. Ashkinazi and N. Z. Volchkina
for much work in the programming of these constructions.
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UDC 551.509.615
CLEARING OF WARM FOGS USING ARTIFICIAL HEAT SOURCES
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 5, May 80 pp 108-115

[Article by Candidate of Physical and Mathematical Sciences I. M. Zakha-
rova, Institute of Experimental Meteorology, submitted for publication
15 November 1979]

Abstract: The author reviews the principal re-
sults of experimental and numerical study of
the possibility of clearing of a warm fog us-

i ing artificial heat sources. The article de-
scribes the thermal systems used in Japan,
France (Orly and Charles de Gaulle airports)
and in the United States at Vandenberg, Travis
and Otis Air Force Bases. The review gives an
analysis of the influence exerted by the pro-
duced heat on the clearing of a fog, the influ-
ence of the wind on the behavior of the warm
current and its characteristics. The increase
in the turbulence level as a result of the ac-
tion of thermal systems is analyzed. The prob-
lems involved in evaluating energy expended
on the scattering.of a fog by the use of ther-
mal systems are considered. The economic ef-
fectiveness of thermal systems for the scatter-
ing of a fog is demonstrated.

[Text] During recent years, when there has been a strong increase in the.
intensity of air traffic, the problem of finding successful methods for
fog dispersal has become especially acute.

The thermal method is directed to the evaporation of fog droplets by an
increase in temperature in the volume to be cleared by means of artif-
icial heat sources. The systems scattering a fog must be compatible with
- automatic landing systems. With respect to conditions for visibility at
the earth's surface the International Civil Aviation Organization (ICAO)
has established three categories of complexity in executing an automatic
landing: with respect to height there are three categories -— 60 m (cate-
gory 1), 30 m-(category II) and 0'm (category III) and with respect to
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horizontal visibility -- 800 m (category I); 400 m (category II) and 200,
50 and 0 m (IIIA, IIIB and IIIC) [6]. Thermal systems are used in clear-
ing a fog in cleared zomes to the limiting (or greater) visibility ranges.

History of Development of Thermal Systems for Fog Dispersal

The first mention of the successful use of the thermal method for fog dis-
persal dates back to 1935 [14]. The practical use of this method began
during the Second World War in Great Britain, where thermal systems call-
ed FIDO were installed at 15 airports. Fuel was fed through lines along
the runways. This fuel was burned when it flowed through small openings
in the pipes. By the end of the war 10,000 landings had been made using
FIDO [33]. ) .

The FIDO system was developed further in the United States from 1946
through 1950. By the use of an improved FIDO system at the Arcata base it
was possible to carry out aircraft landings with minimum visibility in
dense fog 4in 94% of all the cases which were checked out [33]. However,
due to the fact that no optimum variant had been developed for the place-
ment of the burners and their intensity, in some cases it was not pos-—
sible to disperse fog to the necessary visibility. As a result of the
high cost of the thermal systems and their inadequate effectiveness, in
1953 the practical use of FIDO systems was abandoned. It was concluded
by USAF representatives that the use of the exhaust heat of a jet engine
can be more effective and economical than the use of the FIDO system [9].
We note, to be sure, that a system using jet engines in tests in Alaska
gave no effect in the case of ice fogs [33].

In 1958 it was established that this technique can be used in the disper-
sal of warm fogs. Intensive tests carried out in the 1960's in France
jointly by Bertain, Air France and Air Inter at Orly airport led to the
creation of a system suitable for practical use of the system called the
"Turboclair" (16, 17, 19, 20, 28, 32]. .

In 1968, in California, experiments were carried out by specialists at the
Travis Air Force Base by the United States Weather Service using four mil-
itary aircraft of the C-141 type [10, 12, 13], which once again demon-
strated the possibilities of this method. However, it was noted that the
clearings produced after the engines were cut off close in rapidly: vis-
ibility had already fallen to the initial level within two minutes.

In investigations of the thermal method carried out in the 1960's in Japan
[5] particular attention was given to the construction of burners' capable

of complete combustion of a large quantity of propane gas at a high rate.

Burners with a combustion of 2.5 kg of gas per minute were designed.

The most extensive series of tests of the thermal method for fog dispersal
with the use of burners was carried out in 1972 in the United States in
California at Vandenberg AFB under the direction of the Cambridge Research
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Laboratory [22, 23, 27]. The purpose of the tests was the development of
a thermal system based on the controllable merging of the heat from a
stream of burners arranged in a definite order in order to obtain a uni-
formly heated mass of pure air over the airport runway. Model computa-
tions [21, 22] helped in detecting the optimum intensity and distribution
of burners required for obtaining a clearing suitable for landings and
takeoffs under different meteorological conditions. When carrying out
field tests particular attention was devoted to an experimental determin-
ation of the optimum intensity and positioning of the burners, determina-
tion of the physical and dynamic properties of the formed clearings and
clarification of the influence of meteorological conditions on the behav-
ior of the warm current and its characteristics.

tarly in 1973 the Cambridge Laboratory began investigations for the purpose
of creating the prototype of an operational thermal system for the disper-
sal of fogat Travis AFB [29]. Serious climatic and meteorological inves-
tigations [33-35] were carried out which made it possible to ascertain the
periods of the greatest frequency of fogs in this locality and the meteor-
ological conditions characteristic for these periods, especially the most
probable wind strengths and directions. A comparison of data on air traf-
fic at Travis AFB with statistical data on fogs, as well as the cost of
the dispersal system with the losses as a result of disruptions and the
suspensions of flights made it possible to document the economic effective-
ness of using a thermal system [29, 33].

The testing and adjustment of this system was to have been completed in
five years. However, information appearing on the thermal system at Otis
AFB [24] gives basis for assuming that the researchers of the USAF Geo-
physical Laboratory (earlier called the Cambridge Research Laboratory)
a have decided on a variant for the combined use of thermal and kinetic ener-
gy. Thermokinetic energy is created by the burners by the combustion of
aviation fuel and the propulsion of a hot current by means of kinetic en-
ergy fans, In the course of testing of this system during 1978-1979 it
was proposed that optimum parameters of the system be developed in depen~
dence on meteorological conditions and studies be made of effectiveness of
operation of the apparatus, the reliability of equipment operation and
that the possibility of carrying out of repair work be checked. Upon suc-
cessful completion of the tests the system for the dispersal of warm fogs
will be installed at a United States Air Force base and will begin to op-
erate in 1982.

Description of Thermal Systems Used and Results of Field Experiments

A thermal system for fog dispersal consists of four subsystems [29]: heat
sources (burners or jet engines arranged in a definite way near the runway);
fuel storage unit; system for distributing the fuel from the storage unit
to the heat sources and a control-measuring system. The principal require-
ments imposed on the system as a whole and therefore on each of the subsys-
tems are reliability and safety, absence of contaminants and efficiercy.
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We note that the thermal systems in Japan and in the United States at
Vandenberg AFB had a purely research character. In France there is an
operational system used in fog dispersal at Orly and Charles de Gaulle air-
ports. The designs of the systems at Travis and Otis Air Force Bases are
prototypes of operational systems.

Seven experiments were carried out in Japan in 1963 near Chitose airport.
Five of these were in advective fogs of marine origin and two were in a
radiation fog; there was a control experiment in the absence of fog [15].
The wind velocity in these experiments did not exceed 3 m/sec; the wind
direction in advective fogs was always oblique to the runway. In a radia-
tion fog there was a very weak wind with a velocity of about 1 m/sec; the
direction, however, was parallel to the runvay.

The fuel used was propane so that there would be complete combustion in
the burners. The constructed burners were capable of complete combustion
of 2.5 kg of gas fed under a pressure of 6 atm for 1 minute. A hundred
burners were situated on either side of the runway for a distance of 500
m. The propane wus stored in the liquid phase in 10 tanks, each with a
capacity of 500 kg.

The experiments provided for the measurement of air temperature and humid-
ity, wind direction and velocity, horizontal and slant visibility, concen-
tration of droplets and their size dfstribution.

The experiments carried out in a fog indicated that with the operation of
all burners for a period of 5 minutes the visibility improved in compari-
son with the initial level by a factor of two, from 100-400 to 250-800 m;
the temperature increased by approximately 0.5°C; the relative humidity
either decreased by several percent or remained constant; the concentra-
tion of droplets decreased by almost half; the maximum diameter of the
droplets decreased from 45 to 35y.m.

Researchers attribute the observed decrease in the anticipated results

of the modification first of all to a decrease in the rate of combustion
due to a pressure drop in the storage tanks and second, to a wind direc-
tion oblique to the runway. These experiments enabled the authors to con—
clude that the thermal method for fog dispersal, with some improvements
in the system, must be used.

The French "Turboclair" system [16, 17, 19, 20, 28, 32] consists of 12 jet
engines placed at 80-m intervals in the landing zone, -then 120 m along the
runway. Each engine is situated in its own underground chamber, covered by
a heavy cast iron grating in order to engure safety during the landings of
aircraft. The heat from the engine exhaust pipe is directed toward the
surface through a vertical channel where the hot gases by means of reflec-
tors are directed toward the runway. The fuel is fed to all the engines from
a single tank buried in the ground at some distance from the runway. Each

engine is supplied with an automatic firing device and remote control. The
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latter corrects the heat being produced and orientation of the reflectors.

The engines can be fired both individually and all simul taneously. When the
jet engine is operating at full power the escape velocity of the hot gas

is about 500 m/sec at a temperature of about 500°C [32] (about 600°C [20]).
However, diffusing and mixing with the surrounding unheated air, the hot
gases increase the temperature of the space occupied by the fog by 2-3°C,
which is entirely adequate for the evaporation of droplets. The.apparatus
was capable of improving visibility from a point situated approximately

600 m from a landing point, and then for a distance of 600 m along the
runway and guaranteed the successful completion of a landing in categories
II and IITA in an instrument approach.

In order to clear a fog over a runway five minutes must elapse from the
time when the engines are started. With a decrease in engine power to oper-
ation at an idle the visibility deteriorates and after 1.5 minutes its
background level is restored.

The greatest shortcoming associated with the use of jet engines as heat
sources in a system scattering a fog is the great turbulence of the lower
layer of the atmosphere with a thickness somewhat greater than 15 m. The
turbulence exerts a strong influence on small aircraft and also on systems
. for automatic landing. For example, the Sud Ler automatic landing system L
used in Air Inter aireraft was very sensitive to turbu’ence.

The "Turboclair" system was discussed by three persons. According to [33],
the installation of a "Turboclair" system cost 3 million dollars and its
operation cost about $3,400 per hour.

The thermal system at Vandenberg base [21-23, 25] had a purely research

character and therefore the carrying out of the tests was planned with min-

imum expenditures directly on the thermal system and with great capital in-

vestment on the instrumental outfitting of the experiments. The system con-~ )
sisted of four parallel lines of liquid propane burners oriented perpendic—- -
ular to the prevailing wind direction. Liquid propane was fed to all 213

burners from four tanks with a capacity of 22,500 liters each. The burners

were of different size.

The heating system must create a clearing of the fog when there is a con-

siderable wind in the range 1.5-4.5 m/sec in a region with a width of 120
m and a height up to 60 m in the neighborhood of the instrument tower.

In order to investigate the infiuence of the produced heat and the posi-
tioning of the burners on clearing of the fog the design of the system
provided for the possibility of shutting off the individual burners and
combining burners into groups of four.

The control-~measuring system consisted of a 60-m instrument tower, two con-

trol towers on the windward and leeward sides of the line of burners and a
lider. The instrumentation installed on the towers made it possible to
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measure temperature, dew point, wind velocity and direction, vertical
component of wind velocity, visibility, liquid-water content of a fog and
the droplet-size distribution. Using a lidar it was possible to determine
visibility profiles in the entire extent of the warm current and also the
distribution of visibility in the cross section of the current. During a
six-week field program measurements were made in 14 fogs, in five of which
43 experiments were carried out with dispersal and 96 checks were carried
out in the pure air. The duration of each experiment was 10-15 minutes.

The experiments carried out at Vandenberg Air Force Base with thermal modif-
ication of a fog when there was a wind intersecting the runway enabled the
researchers to draw some important conclusions.

In a case when the wind component intersecting the runway is greater than
1.5 m/sec it is sufficient to have one line of burners on the windward
side in order to create the necessary improvement of visibility over the

runway. When the velocity of the wind intersecting the runway is less

than 1.5 m/sec it is necessary to place the burners along the sides of the
runway, as was done in the FIDO system, or to create a mechanically moving
thermal system.

The clearings created by the experimental system, as a result of the incom-
plete evaporation of fog droplets due to the spatially nonuniform movement

of warm currents, were characterized by -high-frequency fluctuations of vis-

ibility. However, the fog patches situated in the cleared region should not
seriously worsen the pilot's view when coming in for a landing.

The degree of clearing is highly dependent on the heat intensity. In field
experiments it was possible to create conditions corresponding to automatic
landings of categories of complexity II and IIIA. Landing conditions of cat-
egory I can be achieved with an increase in the heat produced by the burn-
ers by a factor of 2.1 in comparison with the necessary heat for a category
II landing and by a factor of 3.5 in comparison with a category III landing.
The wind velocity exerts a substantial influence on the vertical distribu-
tion of heat. With an intensification of wind velocity the current becomes
thinner and is bent toward the earth. With wind velocities greater than 2
m/sec the maximum temperature increase occurs at the earth. With V< 1.5 m/
sec the warm currents rather rapidly rise upward and the maximum is at
higher levels. With wind velocities between 1.5 and 2 m/sec the maximum
clearing was above the earth, but a considerable improvement in visibility
was also observed at the ground level. With winds greater than 4 m/sec the
upper boundary of the current did not artain 60 m with the available heat.

The efficiency of the experimental thermal system was considerably lower
than 100% because, first of all, a greater quantity of heat is required
in order to evaporate the droplets in the required time, and second, the

: produced heat is propagated nenuniformly in space. The turbulence generated
by the thermal system is of the same order of magnitude as that measured at
hot summer midday and therefore it should not create any difficulties during
aircraft landings and takeoffs.
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Energy and Economic Expenditures on Fog Dispersal Using the Thermal Method

The quantity of heat which must be introduced into some volume in order to
evaporate fog droplets and prevent the reverse condensation of water vapor
can be computed as a function of the liquid-water content of the fog and
ambient temperature. However, the values obtained in this case will be
minima [33], since, first of all, in actual practice it is necessary that
although the fog droplets need not necessarily be evaporated completely,
it must be done rapidly. Second, with the combustion of fuel an additional
quantity of vapor enters the air and at a constant temperature this increas-
es relative air humidity. Third, the computations are made on the assump-
tion of a uniform spatial distribution of heat. All this increases the
quantity of heat required for clearing a particular volume. The actual
quantity of heat which the thermal system must generate must be still
greater in order to compensate the heat losses due to wind velocity and
edge effects. In theoretical evaluations of the required energy expendi-
tures it is possible to take into account the influence of the water vapor
formed during fuel combustion and the wind, but the influence of the non-
uniformity in the distribution of heat and heat losses due to edge effects
camnot be evaluated on a practical basis. Accordingly, a final evaluation
of the energy expenditures can be obtained only experimentally.

As a comparison, the table gives the energy expenditures in an operational
thermal system capable of improving visibility to operational levels ac-
cording to the estimates of different authors (scaled to kerosene, whose
heat~generating capacity is 104 cal/g). The energy expenditures pertaining
to the systems installed at the Orly and Los Angeles airports represent
the real expenditures. It must be noted that the system installed at Los
Angeles is old (1949), a slightly improved "FIDO" system. Evaluations of
the energy expenditures published in [33] and [15] were based on earlier
experimental investigations. ’

In order to evaluate the economic effectiveness of the thermal system it
is necessary to compare the total cost of the system (including the cost
of its operation) and the losses which are experienced by the.airport at
which the particular system is installed due to the closing-in of a fog,
for example, in the course of a year. The annual cost of system operation
must include amortization costs, costs of repair and fuel. In order to
estimate the cost of the fuel expended by the system in the course of a
year it is necessary to know the number of hours of system operation an-
nually. This requires a détermination of the number of flights affected
annually by a fog. Thus, an evaluation of the economic effectiveness must
be preceded by investigations of meteorological conditions at the airport,
analysis of the air traffic schedule and evaluation of the cost of the sys-
tem (capitai investments, expenditures on installation and adjustment of
the system). :

The authors of [11, 29, 33-35] established the cause-and-effect relation-
ships between the appearance of a fog and the decrease in air traffic and
deterwined the number of flights influenced by fog at Travis AFB [33],
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at 15 air force bases in Europe and America and at the civilian airport in
Los Angeles (LAX) [34,35] and at 41 civilian airports in the United States
[11]. It was found that a fog affects 0.8-2% of the flights in the United
States and 5-7% of the flights in Europe in an average fog year. Since a
fog is a seasonal phenomenon, in months with the greatest frequency of
occurrence of a fog from 5 to 15% of the flights are subjected to its in-

fluence in an average fog year and more than 40% in an extremely foggy
year.

Source [29], giving the results of investigations published in [11, 33,
35], presents an evaluation of the economic effectiveness of the thermal
system for the large civilian airport LAX. The planned installation cost
for the thermal system was 6.5 million dollars. The annual cost of opera-
tion of the system, including amortization costs (10%), repair (1%) and
fuel was 1.465 million dollars in 1973 and will be 1.627 million dollars
in 1981. The annual losses due to disruption of air traffic were 8.0 mil-
lion dollars in 1973 and will increase to 24.0 million dollars in 1981.
Source [29] gives a comparison of the average cost per aircraft for op-
eration of the system and the average losses per aircraft. The ratio of
these figures is 1 to 6 in 1973 and 1 to 20 in 1981.

According to the estimates [11, 29], the losses in annual income by trans-
port aircraft (first and second levels) at 41 main airports in the United
States as a result of fogs were 25.5 million dollars in 1971 and will be
about 93.2 million dollars in 1981.

Comparing the fuel expenditure by the system for the assistance of one air-
craft with the rate of fuel expenditure by an aircraft in flight, the auth-
ors of [29] demonstrate the fuel saving due to use of a thermal system.

For example, aircraft of the Boeing-747 type, being detained in landing for
more than 35 minutes, expend more fuel than the thermal system expends per
one landing.

Thus, the use of thermal systems at airports with a high volume of air traf-
fic will make it possible to improve the operation of airports, reduce econ-
omic expenditures, save fuel and increase flight safety.

Numerical Modeling of Thermal Modification

The field experiments which have been made indicated that the discrete pos-
itioning of heat sources around the region to be cleared, wind strength

and direction exert an appreciable influence on the heat distribution in

the clearing volume. Another Important conclusion from the field experiments
is that inverse relationships are involved: an influence of the produced
heat on the background characteristics, such as an increase in turbulence

in the lower layer of the atmosphere and an intemsification of the wind by
30-35% near the ground (at the level 6 m) and by 10% at .the level 60 m [22].
Under real conditions it is necessary not simply to scatter the fog, but
disperse it in a relatively short time so that an aircraft in the course of
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5 minutes can make a takeoff or a landing. These experiments indicate that
during the course of this time interval the process ‘is essentially nonsta-
tionary.

Thus, in order for the physicomathematical models describing the process
of a thermal effect on fogs to approach real processes it is necessary to
solve the nonstationary spatial problem, taking into account inverse rela-
tionships and the discreteness of positioning of sources.

At the present time we can mention only a few studies [1-4, 8, 21] in which
by the use of simplified models the authors examine different aspects of
the thermal modification method. Closest to field experiments are descrip-
tions of the thermal modification method in [21, 30]. The physicomathemat-
ical models themselves are not given in these publications.

A model study of the thermal modification method [21], preceding field ex-
periments in the United States at Vandenberg AFB, made it possible to sel-
ect the geometry of the system (positioning of the lines of burners, spac-
ing between burners) and the intensity of the heat sources. The numerical
modeling was based on a stationary model of the rising of the heat current.
The principal assumption made in the model was that there is a uniform dis-
tribution of temperature, humidity and liquid water content in the cross
section of the current and retention of mass, momentum and buoyancy along
the current trajectory. In the computations the trajectory of the current,
its radius, and mean temperature, humidity and liquid-water content were
determined in the cross section., The formulated model was used in studying
the influence of intensity of the burners, the spacing between burners,

and wind velocity on the position of the central line of the current (tra-
jectory). A comparison of the results of computations with the experimental
data indicated that the model reproduces the position of the current, that
is, its trajectory, quite well. However, the assumptions made did not make
possible a correct reproduction of the influence of the produced heat on
the surrounding fog.

The numerical model of dispersal of fog by means of burners presented in
[30] is based on a two-dimensional honstationary model of a convective
cloud developed by Murray [25, 26]. This model, as is noted in [30], was
improved by the introduction of a vertically nonuniform grid, variable co-
efficients of turbulent viscosity and some other small refining details.
This model was employed in Investigating the influence of the produced
heat and the positioning of the lines of burners on heat distribution in
the volume to be cleared. Numerical experiments were carried out with onée
row of burners with a wind intersecting the runway and with two rows of
burners under windless conditions.eIhe influence of wind velocity, ini-
tial temperature, liquid-water content of a fog and its thickness on fog
dispersal was checked. ’

In the case of a wind intersecting the runway the wind was stipulated con-
stant with height. The computation results indicated that with an intens-
ification of the wind the height to which heat is propagated decreases.
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Neither changes in the mean temperature (from 7.5 to 15°C) nor its pro-
file (isothermal to dry-adiabatic) exert a significant influence on

heat propagation from a row of burmers in a case of a wind intersect-

ing the runway. With an increase in the liquid-water content of the fog
the zone of fog dispersal decreased. For the evaporation of droplets with
an increase in liquid-water content. from 0.1 to 0.2 and 0.4 g/kg the in-
crease in heat expenditure was 22, 34 and 51% respectively. With an in-
crease in fog intensity in short distances (up to 100 m) -no differences
were observed on the leeward side of the line of burnmers.

A study was made of the advantages of using two rows of burners in compar-
ison with one row (with one and the same total intensity). In a compari-
son of the results it was found that the heat from.one row of burners was
propagated more rapidly in a.vertical direction. The only advantage from
the use of two rows of burners was an intensification of fog dispersal at
the ground.

In the numerical modeling of windless conditions there was found t6 be an
air circulation with ascending movements.above the lines of burners and
descending movements between them. Such a circulation, on the one hand,
favored the movement of the fog layer from the region over the runway to
the warm current created by the burners, as a result of which the space
over the runway was cleared; on the other hand, a constant inflow of fog
from the surrounding space was created. The results of the computations
revealed that under windless conditions the decisive role is played by the
intensity of the heat sources, since with a decrease in the intensity of
the lines of burners, although the form of circulation virtually did not
change, ascending and descending currents with a weak intensity did not
create a convergent flow necessary for eliminating the entire fog from the
zone over the runway. :

- Fog dispersal is also dependent on the distances between the lines of burn~
ers. With increasing distance of the lines of burners from the runway there
is a decrease in the interaction of the circulations created by the sources,
Since in this case there is no warm flow over the runway, the fog is dis-
persed only as a result of outward transport, which is ineffective.

The influence of atmospheric stratification on heat distribution in the
zone over the runway under windless conditions is greater than when a wind
is present,

The results of computations using this model qualitatively correctly reflect
the physics of the process, but the study gives no quantitative comparison
with the experimental results.

Not one of the studies [1-4, 8] reflects the real physical conditions when

using the thermal method for fog modification and nevertheless they unques-
tionably are of theoretical interest because they are directed to an invest-
igation of individual aspects of a complex process, a clarification of some
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physical laws in the thermal method for fog modification.

In [8] the model is statiomary; it does not take inverse relationships into
account; a heated surface is used as the heat sources. After analyzing the
restructuring of the temperature and humidity fields in special examples,
the authors of [8] note that there is some combination of conditions which
is the most favorable from the economic point of view.

The effect exerted on the process of cooling of the atmospheric boundary
layer for the purpose of preventing a fog in [4] and on a fog in [3] is
considered within the framework of one-dimensional closed models. Allowance
for the inverse relationships in these models made it possible to demon-
strate that some of the energy generated by the heat sources is expended
on atmospheric turbulence: the coefficient of turBulent exchange increases
by an order of magnitude. In analyzing the influence of height of position-
ing of the source and its intensity, 1t is noted in [4] that in each spe-
cific case there is an optimum combination of these parameters from the
point of view of more economical use of heat.

Studies [1, 2] were devoted to development of a method for computing the
spatial change of meteorological fields when a fog 1s modified by a thermal
point source applicable to a model of a stationary radiation fog. The ther-
mal modification effect is investigated using the results of computations.
Field perturbations are analyzed and the effectiveness of the thermal ef-
fect on a fog is evaluated. As in [4], the authors of these studies note
the existence of the optimum height at which the maximum modification ef-
fect is attained.

Summary

All the investigations carried out in the world in the course of 30 years
indicate that thermal systems are capable of dispersing a warm fog over a
runvay to the operational level.

The use of jet engines or burners as heat sources has its positive and neg-
ative aspects. The use of jet engines genmerating both thermal and kinetic
energy makes it possible to obtain a more uniform heat distribution over
the runway. However, strong artificial turbulence, caused by jet engines in
the lower layer of the atmosphere, causes additional difficulties during
the landing of relatively light aircraft and has a negative effect on es-
pecially sensitive automatic landing systems. In addition, a system using
jet engines for the time being is capable of creating a clearing in a fog
not higher than the conditions corresponding to an automatic landing of
categories II and IIIA.

When using burners as the heat sources the created artificial turbulence
does not cause additional difficulties during the landings of any aircraft.

However, in this case another problem arises —- the problem of achieving a
uniform heat distribution in the volume being cleared. In this case
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the geometry of the system and the intensity of the sources are highly
dependent on meteorological conditions.

The proposal by Doctor W, Vickers (modification team of Mitre Corporation)
[32] on the simultaneous use of four jet engines and 75 propane burners

is interesting from the point of view of making use of the positive qual~
ities of each type of heat source. The principal function of the engines
should be movement of the warm air, although they will also serve as addi-
tional heat sources. Another approach is the generation of thermokinpetic
energy by means of burners, as, for example, in the MAT (Momentum Augment-—
ed Thermal) [36] system and in the thermal system at Otis Air Force Base
[24].

These investigations indicated that the energy efficiency of the thermal
systems 1s considerably less than 100%Z due to the nonuniform distribution
of heat in the volume to be cleared, heat loss as a result of the wind
and edge effects, and- also due to the fact that a heat excess is always
required in order to clear a fog during a quite short time interval. In
order to increase the efficiency of the thermal system it is necessary
to seek methods for a more uniform heat distribution in the volume to be
cleared and to reduce losses due to edge effects.

In order to create and develop an operational thermal system dispersing

fog to an operational level, for selecting its optimum operating regime

and evaluating the necessary emergy expenditures, in each specific case

it is necessary to carry out field experiments in a specially equipped poly-
gon,

The creation of physicomathematical models capable of reproducing a full-
scale experiment adequately well would assist in working out an optimum
regime of the thermal system with different external conditions, includ-
ing not only background meteorological fields, but also fog characteristics.,
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REVIEW OF MONOGRAPH BY YE. G. POPGV: GIDROLOGICHESKIYE PROGNOZY
(HYDROLOGICAL FORECASTS), LENINGRAD, GIDROMETEOIZDAT, 1979, 256 PAGES

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 5, May 80 p 116
[Article by Candidate of Technical Sciences G. N. Ugreninov]}

[Text] Eleven years have elapsed since publication of the textbook by Ye.
G. Popov entitled OSNOVY GIDROLOGICHESKIKH PROGNOZOV (Principles of Hy-
drological Forecasts). During this time there was considerable develop-
ment of hydrological forecasting methods, there is much more initial in-
formation and electronic computers have been extensively introduced

into the hydrological forecasting service. All these changes are reflect-
ed in the new edition of the book.

As in the preceding edition, the textbook is intended primarily for stu-
dents at hydrometeorological technical schools. In this conmection the
author has striven for maximum simplicity and care in exposition, empha-
sizing solution of the most typical prognostic prouvlems. At the same time
g it should be stressed that the advanced methodology of the author and
universality of the presented material broaden the framework of the text-
book and zonstitute a basis for its access to a broader circle of readers,
especially to students at colleges and to professional hydrologists.

The undeviating increase in the level of theoretical training of students
enabled the author to include in the book information favoring the forma-
tion among readers of a materialistic perception of natural phenomena and
human activity (for example, see the section ''The Regular and Random in
Hydrological Forecasts"). Entirely justifiable is the inclusion in the
book of a new chapter entitled "General Problems in the Theory of Forma-
tion and Computation of Melt and Rainwater Runoff." The joint examination
= of the most important hydrological processes in the formation of runoff
makes it possible to clarify the gemeral regularities in natural phenomena.

- The problem of the use of electronic modeling devices is dealt with more
specifically in the new edition of the textbook, although this aspect of

activity of the hydrological forecasts could have been devoted somewhat
more attention. Taking into account the modern approach to methods for
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carrying out a water inventory, we can only welcome the supplementing of
the textbook with material on the storage of data on technical carriers.

The exercises cited at the end of the chapters will be of great profit to
students, especially those engaged in correspondence study, but also to
specialists independently studying the subject. The problems formulated
in the exercises cover the most important variants of application of the
methods described in the corresponding chapters and therefore instructors
can use these exercises as a basis for carrying out laboratory exercises
with students.

As a comment relative to the completeness of the presented material it is
possible to mention lack of information on forecasts on the basis of aero-
space information. To be sure, such forecasts to a large extent are a mat—
ter of the future, but already accumulated experience merits attention and
popularization.

Like the other books by Ye. G. Popov, the textbook is characterized by re-
proachless logic in exposition, rigorously checked terminology and good
literary language. The textual material is well supported with correspond—
ing tables and graphs. The extensive appendices make it possible to use
the textbook as a reference manual for carrying out many types of work in

- operational forecasting. The inclusion of a subject index in the new edi-
tion is very useful; it facilitates the search for information, especially
in the independent study of the course and in preparation for examinationms.

The successful printing quality of the book should also be mentioned.

There is every basis for assuming that the new edition of GIDROLOGICHESKIYE .
PROGNOZY will have a broad circle of readers interested in hydrometeorolog- L
ical problems.
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REVIEW OF MONOGRAPH BY YU. I. CHIRKOV: AGROMETEOROLOGIYA
(AGROMETEOROLOGY) LENINGRAD, 1979, 320 PAGES

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 5, May 80 pp 116-118
- [Article by Candidate of Geographical Sciences M. S. Kulik]

[Text] During recent years several monographs, hundreds of articles and
dozens of methodological instructions have been published with exposition
of the results of agrometeorological investigations made over the course
of recent decades and with generalization of achievements in the agro-
meteorological support of agriculture.

The author of the textbook AGROMETEOROLOGIYA (Agrometeorology) was faced
with an extremely difficult task: within the bounds of a restricted vol-
ume (20 printer's pages) set forth the principles of meteorology, weather
forecasting, climatology, agrometeorology and agroclimatology.

It is particularly difficult to discriminate from the enormous volume of
diversified material on agrometeorology that which is most important and
do so with the maximum brevity, clarity and care. The author of the text-
book was able to do this. )

4 The textbook gives a concise but clear characterization of the atmosphere,
radiant energy in the atmosphere and at the earth's surface; the thermal
regime of the air and soil is described; data are given on water vapor in
the atmosphere, precipitation, snow cover, soil moisture, wind, weather
and its prediction. All the mentioned meteorological factors are examined
relative to their importance for agricultural production.

A total of 144 of the 320 pages are devoted to agrometeorology. The text-
book contains chapters devoted to meteorological phenomena dangerous for
agriculture, climate and its importance for agricultural production, agro-
meteorological observations, use of their data in production and field
experiments, agrometeorological forecasts and agrometeorological support
of agricultural production.

The textbooks published earlier for students at higher agricultural in-

stitutes could not contain the advances in the development of agrometeor-
ology during recent years. Some textbooks (V. I. Vitkevich) have introduced
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confusion in the definition of the subject of agrometeorology, arbitrar-
ily interpreted the tasks of agrometeorology and extremely poorly taken
into account experience in agrometeorological support of agriculture.
Yu. I. Chirkov, having much experience in research work in the field

of agrometeorology and experience in routine agrometeorological support
of agriculture, has created a textbook taking into account the present
status of agrometeorological science and the requirements on it imposed
by agricultural and planning organizations.

In 1975 a general agreement was concluded between the Main Administration
of the Hydrometeorological Service (now the USSR State Committee on Hydro-
meteorology and Environmental Monitoring) and the USSR Agriculture Min-

- istry on mutual obligations with respect to hydrometeorological servic-
ing of the agricultural industry. The textbook was prepared with this
agreement taken into account.

A definition of the subject of agrometeorology is given in the introduc-
tion. It can cause no objection. It gives the laws on which agrometeor-
ological science is based. But they are not all illustrated by examples.
For example, the essence of the optimum law is not explained, although
it was possible to cite certain results of a two-factor experiment in
which the following corn yield increments were obtained (grain, centners/
hectare): from fertilizers without irrigation -- 5; from irrigation with-
out fertilizers -- 32; from the application of fertilizers and irrigation
- -- 67, that is, environmental factors exert their influence to the great-
est degree when operating jointly, since they not only supplement one
another but also interact rigorously with one another.

In examining the principal tasks of agrometeorology the author has not
dwelt on the special importance of agrometeorological support of agri-
culture in the Nonchernozem zone.

It is noted in the subsection entitled "Principal Stages in the History of
Agrometeorology" that the Russian Agrohydrometeorological Institute

was organized in 1932. But not a word is said about the organization of
the Central Scientific Research Institute for the Study of Droughts and
Drying Winds or about the director of this institute, Academician R. E.
David. R. E. David was the only agrometeorologist elected an academician
of the All-Union Agricultural Academy. He was the author of our country's
first textbook on agricultural meteorology (SEL'SKOKHOZYAYSTVENNAYA METEOR-
OLOGIYA). R. E. David wrote the monograph PSHENITSA I KLIMAT (Wheat and
Climate). He created a new direction in agrometeorology. His agrometeor-—
" ological validations of measures for contending with droughts and drying

"™winds are classic. P. G. Kabanov, in developing David's ideas, published

dozens of studies which still enjoy exceptional popularity. It is true
that the studies of Academician R. E. David and P. G. Kabanov are men-
tioned on pages 314 and 317, but they should be mentioned in the history
of agrometeorology. The Agrophysical Institute is not mentioned at all.
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= It is noted on p. 193 that many researchers as a basis for evaluating

- the intensity of a drought use the decrease in the yield of grain crops
in comparison with the mean long-term value. There was no need to write
about this. The author himself refutes the possibility of using this
method by data, cited on p. 200. In actuality, during the last decade,
due to new varieties, the mean long-term value is becoming nonindicative
for an analysis of the yield level and therefore it is not the deviations
from the mean long-term value which are analyzed, but instead, deviations
from the trend. This should have been discussed in detail.

The chapter entitled "Agrometeorological Forecasts" includes the sections
"Scientific Principles of Methods for Agrometeorological Forecasts" and
"Types of Agrometeorological Forecasts and Methods for Their Preparation
and the Use of Agrometeorological and Agroclimatic Characteristics in
Yield Programming." Dozens of studies have been published on each of the
mentioned subjects. Despite this, the chapter is allocated only 28 pages.
It is not surprising that no place was found for an examination of the ef-
fect of meteorological conditions on the effectiveness of mineral fertil-
izers and for agrometeorological forecasts. But place should be found.
"Soviet and foreign experience shows that not less than half the incre-
ment of the yield of agricultural crops is usually obtained due to the
use of fertilizers" (L. I. Brezhnev, LENINSKIY KURS, Vol 2, p 295).

In describing the method for predicting the yield of winter wheat devel-
oped by Ye. S. Ulanova, the textbook author has not cited the multifactor
equations for prediction in the ear-formation stage, although a forecast
prepared in this phase is used most extensively on a practical basis.

; Space should be found for specific examples of the practical use of fore-
casts of the state of crops for contending with predators, diseases and
beating-down of crops, determination of the times of soil dessication in
spring (beginning of field work) (A. N. Derevyanko), etc. Very few ex-
amples are given of the practical use of agroclimatic data.

On the map (Fig. 29) of the mean long-term reserves of productive mois-
ture in spring (prepared by V. A. Sennikov) the isolines in Eastern Siber-—
ia and in the Far East were drawn using data for an extremely limited num~
ber of stations and therefore are schematic. The dynamic model of the pro-
duction process developed by 0. D. Sirotenko is not considered. The in—
vestigations of A. N. Polevoy on this questionm, having great practical
importance, are not included in the textbook.

The section "Frosts" covers 14 pages and the section on "Agrometeorolog-
ical Support of Agriculture" covers 12 pages, although dozens of studies
‘have been published on these subjects. We should mention the misprints
which were noted. On p. 16 the words "molecular weight" are printed in-
stead of "mass." Such evrors in books published in 1979 cause perplexity
among students. On p. 296 the formula for the humidity index has an ir-
ritating misprint.
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The table of contents is printed in type which is too small and the titles

- of the subsections are not included, which makes it difficult to use the

. table of contents. However, the mentioned shortcomings are not of funda-
mental importance. In general, the textbook AGROMETEOROLOGIYA, prepared
by Professor Yu. I. Chirkov, is an important landmark in the development
of agrometeorology. It merits the highest recognition. But when a new ed-
ition is published the volume of the textbook must be increased in order
to eliminate the present omissions.
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SEVENTIETH BIRTHDAY OF ‘PAVEL /SAMOYLOVICH LINEYKIN

Moscow METEOROLOGIYA I GIDROLGGIYA 'in Russian No 5, May 80 pp 119-120
[Article by ‘stdff of the ‘USBR :Hyd¥smeteorological Center]

[Text] Professor ‘Pavel ‘Samo§lovich &ﬁ‘ne’ikin, ‘Doctor rf Physical -and Mathe-

matical Sciences, ‘otie 0f ‘the 1leading ‘theoretical oceanclogists, marked his
seventieth ‘Birthday ‘on 6 April. ‘

The scientific and -teaching stk of Pavel Samoylovich began in 1930. After
‘graduating from the Physiedl-Technical Division of Saratov State University
‘he'worked at ‘the LoWer Volga {Hydrbometéorological Bureau. There he formed
'his scientific dnterests, complétély determined while he was a .graduate
student - at .the ‘Sciéntific ‘Resésréh Geophysical Institute. The -subject of
his first "ifivéstigdtions, *idde {in “défense of ‘his Candidate's dissertation
in 1936, ‘was tidal iptocesses ‘in'basins ‘and channels. Since that time the
“study of préBIems-‘insgéc‘)ﬁhys:l‘és rand . hydrometeorology -has been the basis of
"the ‘diversifidd ‘and:productive gedentific activity of P. S. Lineykin.
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An article by Pavel Samoylovich entitled "Determination of Thickness of
the Baroclinic Layer in the Sea" was published by Pavel Samoylovich in
1955 in the DOKLADY AN SSSR (Reports of the USSR Academy of Sciences). It
constituted a new direction in study of the dynamics of sea currents. The
rational formulation of the problem proposed in the article, together with
the ways suggested for its solution, constituted the basis of the theory of
the main thermocline in the ocean, making it possible to explain the most
important characteristics of three-dimensional circulation and the distrib-
ution of water density in the ocean. The results of the first stage of in-
vestigations in this direction were generalized in the monograph OSNOVNYYE
. VOPROSY DINAMICHESKOY TEORII BAROKLINNOGO SLOYA MORYA (Principal Problems
in the Dynamic Layer of the Sea) (1957), which received wide recognition.

During the years which followed the studies of P. S. Lineykin and his stu~
dents were devoted to the development of this new approach to the dynamics
of sea currents. A nonlinear theory was formulated, taking into account

the interaction of the current velocity and density fields of sea water.
The influence of bottom relief and ocean depth on the structure of currents
was clarified. The role of diffusion and dissipative mechanisms was evalu-
ated. Deep currents whose direction is opposite the circulation of surface
waters were discovered. The last of these theoretical results was confirmed
brilliantly on the basis of direct measurements in the ocean and numerical
experiments.

All the studies of P. S. Lineykin are characterized by a striving for dis-
criminating the main, decisive aspects of complex natural processes and
giving them a clear physical interpretation. This was already manifested in
early publications devoted to the theory of tides, the theory of monsoons,
the theory of free and forced convection in a fluid, the theory of forma-
tion of the temperature and salinity fields in the upper layer of the ocean.

The scientific activity of Pavel Samoylovich is not restricted to investi-
gations which are usually regarded as purely academic. He was one of the
first to make successful use of the method of numerical integration of the
equations of hydrothermodynamics applicable to real physiographic condi-
tions. In 1967 he headed the Sea Dynamics Laboratory organized at the USSR
Hydrometeorological Center. The principal objective of the new laboratory
was the development of methods for computing and predicting oceanological
characteristics on the basis of hydrothermodynamic models of the corres-
ponding processes. In a relatively short time the laboratory under the di-
rection of P. S. Lineykin developed investigations in the field of mathe-
matical modeling, computations and methods for predicting large~scale and
local processes in the ocean. As a result the laboratory formulated numer-
_ ical methods for predicting temperature and the thickness of the upper mix-
~ ed layer in the ocean, storm~induced level rises in the major ports of the
USSR, thickness and distribution of the ice cover in nonarctic seas. On
the initiative of P, S. Lineykin it was possible to develop investigations
of interaction between the ocean and the atmosphere directed to improvement
in methods for long-range weather forecasting.
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The teaching activity of P. S. Lineykin is also highly productive. Broad
scientific erudition, personal charm and the unusual capability for de-
fining the most timely problems in oceanology have invariably attracted
young people taking their first steps in science to Pavel Samoylovich.

P. 5. Lineykin performs much public work.

Pavel Samoylovich meets his 70th birthday at the height of creative activity.
During recent years he has achieved new results in the study of nonstation-
ary mechanisms of oceanic circulation. A special type of wave movements in
the ocean created by the seasonal variation of meteorological conditions

and manifested in the form of moving large-scale (with a scale of the order
of the earth's radius) circulatory elements of sign-variable vorticity was
discovered. It was demonstrated that nonlinear effects in such wave dis-
turbances lead to a distortion of the wave profile and the possible forma—
- tion of ocean fronts. This laid the foundations for a fundamentally new ap-
proach to the prediction of macroscale oceanological fields.

In congratulating Pavel Samoylovich on this memorable birthday we wish him
good health and creative successes.
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FIFTIETH ANNIVERSARY OF THE USSR HYDROMETEOROLOGICAL CENTER
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 5, May 80 pp 120-122
[Article by A. A. Akulinicheva]

[Text] A solemn meeting devoted to the 50th anniversary of the USSR Hydro-
meteorological Center.was held on 8 January in the Columned Hall of the
Palace of Unions, The presidium of the solemn meeting included M. V. Zim-
yanin, Secretary of the Central Committee CPSU, Z. N. Nuriyev, deputy
chairman of the USSR Council of Ministers, and a number of key workers

of the administrative sector of the Central Committee CPSU, USSR Council
of Ministers and the Moscow City Committee CPSU.

Representatives of the ministries and .departments closely collaborating
with the USSR Hydrometeorological Center gathered to mark this glorious
anniversary of the key weather forecasting institute of our country.
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The international relationships of the USSR Hydrometeorological Center --
one of the three world meteorological centers -- were broadly represented.
The anniversary was attended by the General Secretary of the WMO, Axel W.
Nielsen, directors and representatives of the hydrometeorological services
and meteorological services of Bulgaria, Hungary, Vietnam, East Germany,
Korea, Cuba, Mongolia, Poland, Romania, Czechoslovakia, Yugoslavia and the
World Meteorological Center in Washington. The scientific and working re-
lationships of the USSR Hydrometeorological Center were represented by
honored guests from a number of institutes of the USSR Academy of Sciences,
institutes and administrations of the State Committee on Hydrometeorology.

In his introductory words the Chairman of the USSR State Committee on Hy-
drometeorology and Environmental Monitoring Yu. A. Izrael' noted the great
successes attained by the USSR Hydrometeorological Center in the 50 years
of its existence in servicing the national economy of the country with
forecasts and information, warmly congratulated the workers and specialists
on the anniversary and wished them further successes in implementing the
important and responsible national economic tasks.

M. A. Petrosyants, in a report, discussed the principal stages and prospects
for development of the USSR Hydrometeorological Center, of which he is the
director.

The following spoke with greetings and congratulations to the USSR Hydro-
meteorological Center: the Chairman of the Central Committee of Trade
Unions of Aviation Workers, V. A. Zuyev, the Deputy Minister of the Navy,
V. I. Tikhonov, the General Secretary of the WMO A. W, Nielsen, the Deputy
Minister of Transportation B. A, Morozov, the President of Regional Asso-
ciation VI (Europe), R. R. Czelnai, the Deputy Minister of Land Meliora-
tion and Water Management I. I. Borodavchenko, and in the name of the
hydrometeorological services of the socialist countries of Europe, the
Director of the Polish Hydrometeorological Service Z. E. Kaczmarek, the
Deputy Minister of Electric Power Ye. I. Borisov, the Deputy Chief of the
Vietnamese Meteorological Service Nguen Van Ki, the Deputy Director of
the Korean Hydrometeorological Service Pak Ok Hen, the Director of the Hy~-
drometeorological Institute of the Meteorological Service of the Republic
of Cuba Nunez Rodriguez, and in the name of the scientific research insti-
tutes of the State Cormittee on Hydrometeorology —— the Director of the
Arctic and Antarctic Scientific Research Institute, A. F. Treshnikov.

At the conclusion of the solemn meeting the text of a letter was received

from the General Secretary of the Central Committee CPSU, Chairman of the
USSR Supreme Soviet L. I. Brezhnev.

kkkkk

An anniversary session of the Scientific Council, dedicated to the 50th

Anniversary of the USSR Hydrometeorological Center, was held during the

period 9-10 January. In the solemn part of the session, the following
‘ speakers extended greetings to the USSR Hydrometeorological Center: the
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Director of the Main Geophysical Observatory, Ye. P. Borisenkov, the Direc-
tor of the Central Asian Regional Scientific Research Hydrometeorological
Institute, N. N. Aksarin, the Director of the State Scientific Research
Center for Study of Natural Resources, I. P. Vetlov, the Director of the
State Oceanographic Institute, F. S. Terziyev, the Director of the Hydro-
chemistry Institute, A. M. Nikandrov, the Deputy Director of the All-Union
Agricultural Academy, Yu. A. Khvalenskiy, from the Leningrad Hydrometeoro-
logical Institute — Professor A. R. Konstantinov, and also representatives
of other scientific research institutes and administrations of the Hydro-
meteorological Service. Greetings were presented by foreign guests: from
the Czechoslovakian Meteorological Service —- Doctor Richter, from the
Polish Meteorological Service -- Doctor Kaczmarek, from the Hydrometeorol-
ogical Service of the Mongolian People's Republic -- the Director of the
Institute of Hydrometeorology Medzhidorzh, from the East German Meteorolog-
ical Service -- Doctor Kluge, from the Romanian Meteorological Service --
Deputy Director Bachinski, from the Meteorological Service of the Hungarian
People's Republic -- Doctor Czelnai, from the Hydrometeorological Service
of the Bulgarian People's Republic -- Doctor Betsinski, from the Yugoslav
Meteorological Service -- Doctor Gamser Frants, from the Meteorological
Service of the Republic of Cuba -- Doctor Rodriguez, from the Korean Meteor-
ological Service -- the Deputy Director Pak Ok Hen, from the Vietnamese
Meteorological Service -- the Deputy Director Nguen Van Ki, from the World
Meteorological Center in Washington -- Doctor Bedient.

The scientific part of the anniversary session was opened with a report by
the Director of the USSR Hydrometeorological Center M. A. Petrosyants in
which he discussed the problems facing the institute in the curreat and
forthcoming five-year plans. Other reports presented the history of devel-
opment of the principal scientific directions at the USSR Hydrometeorolog-
ical Center and the principal scientific results obtained during recent
years.

Corresponding Member USSR Academy of Sciences Ye. N. Blinova gave a review
of studies of the hydrodynamic theory of long-range weather forecasting
and climate carried out in the USSR.

V. D. Uspenskiy devoted his report to one of the oldest branches -- synop-
tic investigations -- and described the history of development of work in
the field of synoptic weather forecasting, beginning with the work of A. I.
Askiaziy and S. P. Khromov -- enthusiasts and initiators of introduction of
frontological analysis, the investigations of A. F. Dyubyuk, the head of
this branch and who there developed work on the use of pilot balloon ob-
servations in weather description and forecasting and on the extrapolation
of the surface pressure field.

D. A. Ped' told of three stages in the development of long-range weather
forecasts, in particular, seasonal forecasts: the stage of creation under
the direction of B. P. Mul'tanovskiy of a qualitative forecasting method,
the stage in development of the principal ideas in this method under the
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direction of S. T. Pagava by the use of pressure pa.tern charts and the
stage of use of the thermal characteristics of the underlying surface
and the parameters of stratospheric circulation in seasonal weather fore-
casts. In particular, the author discussed the problem of drought predic-
tion.

N. I. Zverev reported on the principal stages in improvement in the method
for forecasting for a month in advance. He noted that at the present time
70% of the most time-consuming work of the forecaster is automated.

The report of Ye. G. Popov was devoted to investigations directly related
to the development and improvement of methods for predicting river runoff
and other elements of the water regime carried out in differeat stages of
development of the hydrological forecasts service at the State Hydrological
Institute and at the USSR Hydrometeorological Center; he outlined the most
important achievements and the immediate goals in the field of hydrolog-
ical forecasts. )

The report of K. P. Vasil'yev was devoted to the present status of marine
hydrological forecasts and the prospects for their development. He empha-
sized the need for the organization of investigations in the ocean for the
purpose of obtaining meteorological data for the entire surface of the
seas and oceans with an adequate degree of accuracy and spatial-temporal
discreteness, as well as the creation of an automated systen for the col-
lection, processing and storage of all hydrometeorological information.

Ye. 8. Ulanova, in her report, noted that the first agrometeorological
forecasts were prepared specifically at the USSR Hydrometeorological Cen-
ter (USSR Central Weather Bureau) by G. Z. Ventskevich and A. A. Shigolev
in 1932-1933. This work is even now concentrated there. The report set
forth the general tasks facing agrometeorologists and also the tasks in-
volved in the servicing of regions of irrigated and drained lands and re-
gions in the Nonchernozem zone of the RSFSR.

N. A. Bagrov told of the experience in using statistical procedures in long-
range weather forecasts, beginning with the first work done in this direc-
tion by V. Yu. Vize in 1925 and enumerated the principal difficulties which
are encountered in creating reliable statistical methods for long-range
weather forecasting,

A report by Sh. A. Musayelyan and V. P, Sadokov examined the problem of the
thermal effect of the ocean on the atmosphere and the possibility of a
quantitative long-range weather forecast on the basis of conjugate equa-
tions with the use of asynchronous relationships between cloud cover over
the ocean and air temperature over the European USSR.

S. L. Belousov analyzed the principal stages in the formation and develop-
ment of a system for operational hydrodynamic short-range forecasting at
the USSR Hydrometeorological Center and examined the present-day configur-
ation and possibilities of this system and the immediate prospects.
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In his report I. V. Trosnikov discussed the use of parameterization of
radiation processes used in a model of general circulation of the atmo-
sphere developed at the USSR Hydrometeorological Center. This parameteriz-
ation is based on the use of empirical formulas for radiation fluxes at
the upper and lower boundaries of the atmosphere and can be used in cli-
matic modeling.

A report by Ye. G. Lomonosov and P. P, Vasil'yev told of the creation of
a unified programmed-technological line for weather forecasting for in-
termediate times.

It was noted in a report by N. F. Vel'tishev, A. Ya. Zhelnin, V. Z. Kisel'-
nikova, Ye. M. Pekelis, D. Ya. Pressman and V. M. Losev that the successes
attained in the field of numerical modeling of individual mesoscale atmo-
spheric processes make it possible to proceed to the creation of more uni-
versal numerical models which in the future can be developed into operation-
al prognostic models.

P. 8. Lineykin gave a review of work on the hydrodynamic methods for marine
forecasts at the USSR Hydrometeorological Center from 1967 through 1978.
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HUNDREDTH ANNIVERSARY OF FERGANA HYDROMETEOROLOGICAL BUREAU
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 5, May 80 p 122
[Article by V. Ya. Syromukova]

[Text] The Fergana Hydrometeorological Bureau of the Uzbek Republic Admin-
L istration of Hydrometeorology and Eavironmental Monitoring marked its 100th
anniversary,

A hydrometeorological station was organized on 1 May 1880 on the southern
margin of Novyy Margilan (now Fergana) omn the initiative of the Russian
Geographical Society and scientists of the Main Physical Observatory with
the participation of the Military Topographic Section of Turkestanskiy
Kray.

For a more complete and high-quality servicing of the national economy of
Ferganskaya Oblast the Fergana Hydrometeorological Station in late 1971
was reorganized into a prognostic hydrometeorological bureau which now
includes an operations group for servicing the national economy, observa-
tional and methodological groups, a group of radar men and a grouw for
making observations and monitoring contamination of the environment.

During the past 100 years Fergana station has made a major contribution to
study of the climatic resources of the Fergana valley and has trained a

great number of meteorologists and agrometeorologists working in different
regions of Central Asiz.
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- CONFERENCES, MEETINGS AND SEMINARS
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 5, May 80 pp 122-127

[Article by Ye. G, Apasova, Ya. S. Kanchan, A. G. Kovalevskiy, Yu. G. Slat-
inskiy and A. A. Vasil'yev] :

[Text] A working conference on the theme "Development of Stochastic Fore-
casting Methods" was held at Tashkent during the period from 30 October
through 1 November at Tashkent. The conferees examined the status of work
carried out by the institutes of the State Committee on Hydrometeorology
(All-Union Scientific Research Institute of Hydrometeorological Information
~World Data Center (VNIIGMI-MTsSD), Main Geophysical Observatory (GGO), USSR
Hydrometeorological Center, Central Asian Regional Scientific Research Hy-
drometeorological Institute (SARNIGMI). In addition, the conference was
attended by representatives of regional scientific-research institutes:
West Siberian Regional Scientific Research Hydrometeorological Institute
(ZSRNIGMI), Kazakh Scientific Research Hydrometeorological Institute
(KazNIGMI), Far Eastern Scientific Research Hydrometeorological Institute
(DVNIGMI), as well as the Institute of Atmospheric Physics (AFI), Lenin-
grad Hydrometeorological Institute (LGMI), Tashkent State University
(TashGU) and other organizations. Nineteen reports were presented on three
principal directions of the discussed problem:

-~ development of forecasting models;

—- broadening of the information base, selection and parameterization of
predictors;

—- evaluation of the quality and economic effectiveness of forecasts.

One of the promising stochastic forecasting methods: is forecasting by the
analogue method, which theoretically and experimentally has been developed
over a number of years and which at the present time has been applied in
the form of an automated model with M-222, "Minsk-32" and YeS electronic
computers. Studies by specialists of the VNIIGMI-MTsD, SARNIGMI and the
USSR Hydrometeorological Center presented the results of experiments with
a scheme for predicting the global and regional fields of meteorological
elements (five reports). Considerable interest was shown in a report by
G. V. Gruza and E. Ya. Ran'kova (VNIIGMI-MTsD, USSR Hydrometeorological
Center) entitled "Principles for the Adoption of Decisions in the Use of
a Group of Analogues.” The report outlined possible ways for optimization
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of the choice of analogues and it was demonstrated that in connection
with the increase in gradients of the fields of monthly temperature
anomalies in the northern hemisphere the conditions for prediction by

the analogue method have become complicated during the last decade. Data
on the predictability of these fields in the territory of the USSR using
different sets of predictors were cited in a communication by E. Ya. Ran'-
kova and L. K. Kleshchenko (USSR Hydrometeorological Center, VNIIGMI-MTsD),
who investigated the success of methodological in comparison with ideal,
climatic and random forecasts. One of the important conclusions from the
study is that in order to improve the method it 1is necessary to change
over to a system of regional predictors; it is possible that the para-
meterization scales must be varied in accordance with the peculiarities

of the initial process for which the analogue is selected. In general,

for temperature and precipitation with monthly averaging the forecasts

are at the level of climatic forecasts. More successful were forecasts

of surface pressure for the European USSR prepared using a system of pre-
dictors including the pressure parameters in the Atlantic-European sector
and mean pressure in a number of regions of the hemisphere, etc. (report
of T. P. Timofeyeva, VNIIGMI-MTsD).

The method of selection of group analogues for predicting temperature for
the territory of Central Asia for periods up to 5 days is used for the
purposes of local forecasting (G. V. Gruza, A. M. Soldatkina, N. I. Ura-
ganova, L. K. Boyadzhiyeva —- VNIIGMI-MTsD, L. I. Imas —- USSR Hydrometeor—
ological Center, SARNIGMI). The forecasts have been prepared over the course
of a number of years and constitute auxiliary material for operational prac-
tice, The improvement is made by broadening the set of predictors and a
differentiated approach to their inclusion in the model. A method for
selecting analogues on the basis of stochastic evaluations of predicted

and occurring phenomena was proposed in a report by G. A. Anikina, G. M.
Vinogradova and L. N. Romanov (ZSRNIGMI) for increasing the effectiveness

of local models for predicting the diurnal variation of temperature and
thunderstorms at Novosibirsk.

The conferees gave great attention to a report by D. M. Sonechkin (USSR Hy-
drometeorological Center) entitled "Symbolic Dynamics -~ a Means for In~
creasing the Advance Time of Reliable Weather Forecasts," devoted to the
theoretical basis of one of the possible directions in long-range fore-
casting.

The problems involved in increasing information content are assuming pri-

mary importance in the development of prognostic methods. The information

approach described in a report by M. I. Yudin and V. M. Mirvis (GGO) and

applicable to the problem of a stochastic forecast is very promising. Comi-
putations cf the information vield indices and an aaalysis of the quality

matrices enabled the authors, in particular, to confirm the hypothesis of

the significance of large-scale components of circulation and inertia of -

the underlying surface for long-range forecasting.
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A number of problems relating to the predictability of atmospheric pro-
cesses in stochastic forecasting methods were discussed in a report by
Yu. V. Zhitorchuk (GGO).

For prediction of the field of temperature anomalies in Kazakhstan G. N.
Chichasov (KazNIGMI) proposed a regression model the initial information
for which is prepared in two stages: first, using a functionally normal
distribution, a normalization of the point values at grid points of in-
tersection is attained. This makes it possible to increase the linear
correlation coefficients and then the fields of meteorological elements
are represented by Chebyshev polynomials of the first kind, which, ac-
cording to the author's data, have a greater resolution than natural or-
thogonal functions.

Some of the reports were devoted to an analysis of the statistical struc-
ture and a parameterization of meteorological objects for forecasting pur-
poses. The climatic regime of the field of January precipitation was in-
vestigated by Ye. G. Apasova (VNIIGMI-MTsD) using data on anomalies express-—
ed in percent of the long-term mean for 1891~1960 at the points of grid
intersection in the northern hemisphere with an interval 2.5° x 2.5°. The
report discussed the reality of the ascending precipitation trend, this
being ascertained for consolidated regions for the period 1940-1960.

The inertia and predictability of the temperature field for the northern
hemisphere in January and July were studied by G. S. Kharmanskaya of the
All-Union Scientific Research Institute of Hydrometeorological Information-
World Data Center. She demonstrated that temperature autocorrelation has
seasonal and regional peculiarities which it is useful to bear in mind
when developing prognostic methods. According to the data published by

S. I. Tyurebayeva (GGO), the correlation method can be used for determin-
ing one of the parameters of the long-range forecasting model -- the lim-
its of the autumn season in the European territory of the USSR.

A. S. Rasulev (SARNIGMI) presented a communication on the possibility of

a correlation prediction of the field of anomalies of mean daily tempera-
ture with the use of double expansion of the predictors (H5 o in the Euro-
pean USSR and Western Siberia) and a predictant into natura? orthogonal
functions.

A study of the temperature regime and altitude of the polar and tropical
tropopause (report of B. T. Kurbanov and L. V. Rukhovets (GGO)) was pre-
ceded by a report on the development of a hydrodynamic-statistical method
for predicting these elements presented by B. T. Kurbanov (GGO).

It is known that methods for evaluating the quality of stochastic fore-
casts, in contrast to categorical forecasts, have been developed far in-
adequately. The report of G. V. Gruza and V. T. Radyukhin (VNIIGMI-MTsD)
therefore was of special interest. It proposed a method for checking hy-
potheses on the randomness of forecasts and evaluation of the significance
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of the conclusion that there is an absence of mastery in this field. The
report also gave the results of testing of a method for evaluating the
quality of alternative stochastic forecasts. It was demonstrated that
with certain assumptions the quadratic and spherical evaluation criteria
have a greater effectiveness than the logarithmic criterion. Closely re-
lated to the quality evaluation question was the report of Ye. Ye. Zhuk-
ovskiy (AFI) on the principles of the strategy of a user when employing
stochastic forecasts and calculation of their economic usefulness in a
number of situations with alternative forecasts. The investigation of

T. M. Brunova (AFI) was devoted to a method for combining forecasts pre-
pared by different methods. In this method a matrix of joint probabilities
of initial alternative forecasts is used for increasing success and max-
imizing the economic effect.

The conference noted that at the present time several methods have been
developed in the form of automated models making it possible to prepare
stochastic and categorical long-range forecasts, including those prepared
on the analogue principle. Encouraging results were obtained in the pre-
diction of the mean monthly air temperature of the northern hemisphere
and also temperature and precipitation for 1-5 days in advance for Cen-
tral Asia. Investigations are being made in a number of central and re~
gional subdivisions of the State Committee on Hydrometeorology, whose
efforts must be coordinated in the future.

Ye. G. Apasova

An international seminar for the exchange of experience in the use of a
standardized method for computing atmospheric contamination was held at
the Main Geophysical Observatory during the period 12~16 November 1979

in accordance with a resolution of the VII (XV) Conference of Directors
of Hydrometeorological Services and Meteorological Services of the Social-
ist Countries. It was attended by representatives of Bulgaria, East Ger~
many, Poland, USSR and Czechoslovakia.

On the recommendation of the working group of the hydrometeorological ser-
vices and meteorological services of the soclalist countries on the meteor-
ological aspects of atmospheric contamination, in the course of preparation
for the seminar the participating countries carried out a joint numerical
experiment which included computation of the altitude and maximum admis-
sible effluent for a model point source and computation of the fields of
maximum and mean annual concentrations of impurity from a group of scat-
tered sources with different parameters.

The communications presented at c¢he seminar and their subsequent working
discussion enabled its participants to become acquainted in detail with
m2thods used in computing atmospheric contamination in different countries
and to analyze the results of the numerical experiment.

The chairman of the seminar, M. Ye. Berlyand, in his communication dis-
cussed the status and the prospecis of the method for computing air con-
tanination from many sources. He noted the positive role of models of the
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Gaussian type in the initial stage of creation of methods for computing
the scattering of impurities in the atmosphere and the existence of dif-
ficulties in determining the diffusion parameters of these models in the
case of high sources and also in problems of the propagation of impurities
under conditions of a nonuniform underlying surface. He pointed out the
lack of fundamental difficulties of this type in models based on use of
the turbulent diffusion equation, making it possible to take into account
diverse meteorological effects, nonuniformity of the underlying surface
and the difference in the types of sources. The standard method used in
the USSR for computing atmospheric contamination was a result of theoret-
ical work based on use of the turbulent diffusion equation and confirmed
by numerous expeditionary investigations in regions with different indus-
trial enterprises. M. Ye. Berlyand gave a brief description of the results
of investigations relating to the propagation of impurities under condi-
tions of complex local relief and nonstationary diffusion from surface
sources, having great importance when determining air contamination by
auto transport, and to the mean annual concentrations and climatology of
diffusion parameters. The author pointed out promising directions for
research, including determination of change in the wind field behind a
building, problems related to the climatology of a city, photochemical
transformations of impurities and large-scale transport of impurities.

In Bulgaria, as reported by M. Kolarova, work has been done on a comparison
of the results of computations by different methods. The fields of maximum
and medium concentrations were determined for two industrial sites of a
planned enterprise.

B. Schneider and D, Streicher reported on the status of the method used

in East Germany and its implementation program. They told about a method
for calculating the effective rising of a plume, the principles for clas-
sification of meteorological situations and regionalization of a territory
using the parameters of the adopted model.

Studies carried out in Poland in the field of methods for computing atmo-
spheric contamination were discussed by K. Budzinski. He told about a
method for approximation of the parameters of the used model, taking into
account the Influence of roughness of the underlying surface. Great atten-
tion was devoted to the reasons for possible differences in the results of
computations made by different methods. It was noted. that they can be caus-
ed not only by the difference in the used diffusion models, but also by

the methods for calculating the effective rising of a plume and also the
difference in the organization of computations and programs for electronic
computers.

F. Hesek and J. Bubnik reported on two methods used in Czechoslovakia for
computing atmospheric contamination. In these methods an attempt has been
made to take into account the wind shear with altitude in calculating at-
mospheric contamination from many sources and a method has been proposed
for calculating air contamination from an aerial source.
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R. I. Onikul and Ya. S. Kanchan told about the fundamental peculiarities
of an algorithm widely used in the USSR (at more than 100 planning inst-
itutes) for a standardized program for calculating atmospheric contamin-
ation from many sources. The program was prepared in such a way that with
one and the same volume of initial data and output information the comput-
ations require 4-6 times less computer time than for other programs of
this type. Y

Ye. L. Genikhovich and I. G. Grachev reported on the results of investi~
gations at the Main Geophysical Observatory to determine influence of non-
uniformity of the underlying surface on the propagation of impurities. The
program for an electronic computer, prepared in the course of thesz inves-
tigations, is employed in expert evaluations of the siting of industrial
plants in regions with complex relief. The method developed at the Main
Geophysical Observatory for computing the mean annual concentrations,
taking into account data from gradient observations of wind velocity and
temperature in the surface air layer, was described in a communication by
S. S. Chicherin. The authors cited examples of computations using observ-~
ational data from heat balance stations situated in different climatic
zones of the USSR.

R. I. Onikul familiarized the seminar participants with a comparison of
the results of computations obtained using methods employed in the USSR
and the United States with data from observations in the neighborhood of
thermal electric power stations in the United States. Noting the good cor-
respondence of the computations by the Soviet method with the experimental
data, he noted the possibility of harmonizing different approaches to the
evaluation of air contamination.

The seminar summarized the first results of the work done. The analysis of
the results of the numerical experiment, in particular, revealed that the
basic practical recommendations made with the use of the discussed methods
coincide.

14
It was decided to continue this experiment and carry out computations of
air contamination by sources near which the experimental investigations of
the field of concentrations were made. :

This seminar will facilitate the harmonizing of computation methods used
in the socialist countries and the development of general approaches for
their further development .

Ya. S. Kanchan and A. G. Kovalevskiy

During the period 1-5 October 1979 an All-Union Conference~Seminar of Sec-
tion Heads of Expeditions and Bases of the Expeditionary Fleet of the State
Committee on Hydrometeorology was held at Odessa. It was attended by repre-
sentatives of a number of scientific-research institutes (State Oceanograph-
ic Institute (GOIN), Arctic and Antarctic Scientific Research Institute
(AANII), Far Eastern Scientific Research Hydrometeorological Institute
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(DVNIGMI), All-Union Scientific Research Institute of Hydrometeorological
Information-World Data Center (VNIIGMI-MTsD), Central Aerological Observa-
tory (TsAO0), Main Geophysical Observatory (GGO), Sevastopol', Odessa and
Leningrad Divisions of the GOIN) and most of the marine administrations

of the hydrometeorological service. Reports and communications were pre-
sented by 26 persons. N

The conference~seminar was opened with brief introductory words of the
director of the Odessa Division of the State Oceanographic Institute Ye. A.
Sobchenko. A report on the results of operation of the expeditionary fleet
in the tenth five-year plan and tasks for the coming years was presented by
V. F. Dmitriyev (Marine Administration of the State Committee on Hydro-
meteorology). He noted that the conference-seminar was called for the pur-
pose of an exchange of work experience in the field of planning and organ-
ization of the operation of marine expeditions, formulation of recommenda-
tions on the further improvement of investigations of the world ocean, in-
ternal and marginal seas, an increase in the effectiveness of operation of
the scientific-research fleet and ensuring the needs of the national econ-
omy with oceanographic information. The report emphasized that each year
the scientific research fleet of the State Committee on Hydrometeorology
is carrying out a great volume of work for study of the world ocean, Sov-
iet seas and the sea mouths of rivers, and also the shelf zone. The re-
search materials are used in the practical work of hundreds of scientific
research, planning and other organizations and institutes related to the
sea.

In order to improve the direction of the fleet it was necessary to revise
or rework a whole series of norm-setting documents. In particular, during
the time elapsing from the time of carrying out the preceding conference-
seminar a new instruction has been introduced at all subdivisions of the
State Committee on Hydrometeorology on the sequence for the planning of
expeditionary work; methodological regulations on computation of the ef-
ficiency of operation of ships have been published; a list of standard
types of work and observations which are to be carried out on all ships
with a great navigational range, regardless of the work region and the
specific tasks of each individual voyage, has been prepared. A new report
form should play an important role in systematizing the data collected in
the expeditionary work of low-tonnage vessels.

It was noted in the report that for the purpose of accelerating the pro-
cessing and analysis of materials from expeditionary investigations it
must be arranged that all the results of the observations are routinely
registered on a long-term technical carrier (magnetic tape) and presented
to the data processing center completely prepared for further amalytical
processing. This will make possible a considerable acceleration of the
formation of a branch bank of oceanographic data.

The report noted the initiative of the Northwestern Administration of the
Hydrometeorological Service and the Leningrad Division of the State Ocean=-
ographic Institute in the development of the program for complex studies
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of the Baltic Sea and emphasized the insistent necessity in future years
to have similar programs for all marine basins of the country.

V. M. Rokogon (Odessa Division of the State Oceanographic Institute) in
his report told of experience in the planning of expeditionary investiga-
tions and participation of ships of the State Oceanographic Institute in
supporting the system of ocean stations in the North Atlantic. It was not-
ed that in accordance with international obligations assumed under the
WMO the scientific-research vessels of the State Oceanographic Institute
are actively participating in the support of regular observations at
oceanographic station "C" situated to the nmorth of the 52d parallel. A
complex of oceanographic, meteorological and aerological observations

is being carried out. The collected information 1s used extensively for
operational purposes and also in developing long-range forecasting meth-
ods.

. I. N. Davidan (Leningrad Division of the State Oceanographic Institute)
discussed some problems in the organization and implementation of inter-—
departmental expeditions for studying the Baltic Sea and analyzed the
results of the second interdepartmentsi expedition (October-November 1978),
which collected extensive experimental data. )

A report by Yu. G. Slatinskiy and A. P. Zhilyayev (Sevastopol' Division

of the State Oceanographic Institute) examined the problem of the effec-
tiveness of use of low~tonnage vessels of the State Committee on Hydro-
meteorology. It was noted that low-tonnage vessels play an important role
in carrying out monitoring work and also in implementing a major program of
water balance investigations, primarily in the mouth sectors of rivers. On
the average, during a year low-tonnage vessels occupy about 5,500 indi-
vidual stations and 50-60 multihour stations, that is, approximately

a thousand series of observations. The annual goal for each vessel is es-
tablished on the basis of the approved research plan and for ships of the
SChS type is not less than 170-190 days with a duration of the navigation
season of about 240-250 days. In order to increase the effectiveness of

use of the low-tonnage fleet it is recommended that permanent shipboard
stations with a staff of two or three persons be formed on ships of the SChS
and RK~376 type by all administrations in the basin. It is also desirable
to have a radical change in the method for technical servicing of small
ships and for this it is necessary that there be at least one perma